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(54) Optical exposure unit 

(57) The present invention provides an image form- 
ing apparatus, which can provide a color image having 
no color shift with low manufacturing cost, and an opti- 
cal exposer unit applied to the image forming apparatus. 
Thereby, the image forming apparatus comprises a 
finite focus lens (9) for providing a predetermined optical 
characteristic to the laser beam sent from a plurality of 
light sources, a cylinder lens (11), a laser synthesizing 
mirror unit (13) for synthesizing the laser beams passed 
through the lenses (9 and 1 1) into one flux of beams, a 
deflector (5) for deflecting the synthesized beam, first 
and second image forming lenses (30a and 30b) for 
shaping aberration characteristic provided on the 
image-formed position of the deflected beam, and one 
or three mirrors for emitting the beam passed through 
the respective image forming lenses at a predetermined 
position, thereby a color image having no color shift can 
be provided. 
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Description 

The present invention relates to an optical exposer unit applicable to an image forming apparatus such as a color 
printer apparatus, a high speed copying machine and a color copying machine. 
s In an image forming apparatus such as a color printer having a plurality of drum or a color copying machine having 
a plurality of drums, there are used a plurality of image forming sections for forming an image in accordance with color 
components, which are color-separated, and a laser exposer unit for providing a plurality of image data, i.e., a plurality 
of laser beams of the respective color components. There has been known an example in which a plurality of laser 
exposer units are arranged. Also, there has been known an example in which a multi-beam laser exposer unit, which is 
10 structured to be able to provide a plurality of laser beams. 

The multi-beam laser exposer unit has a semiconductor laser element, serving as a light source, a first lens group 
for reducing a diameter of the beam emitted from the laser element to a predetermined size, a beam deflector for con- 
tinuously deflecting the laser beam whose diameter is reduced by the first lens group in a direction perpendicular to a 
direction where a recording medium is transferred, and a second lens group for image-forming the laser beam deflected 
75 by the deflector onto a predetermined position of the recording medium. 

There has been known that the number of rotations of a rotation mirror of the deflector is proportional to resolution, 
which is needed in the image forming apparatus, and an image forming speed, that is, a process speed. An image fre- 
quency is proportional to a square of resolution and proportional to a process speed. Due to this, in order to improve 
resolution or the process speed, there have been known that the number of rotations of the rotation mirror of the def lec- 
20 tor must be increased, and that the image frequency must be sufficiently ensured. 

However, if the the number of rotations of the rotation mirror of the deflector is increased, time, which is needed to 
stabilize the number of the rotations of the rotation mirror, is increased. Due to this, there is a problem in which it takes 
much time for the image to be actually printed after the input of a print request signal. Also, there is a problem in which 
the manufacturing cost is largely increased in view of material of a bearing, durability, or accuracy of assembly. 
25 Moreover, by the increase in the number of the rotations of the rotation mirror, damage of the mirror body caused 
by wind generated when the mirror is rotated is partially increased. Due to this, it is needed that an output of a motor, 
which is used to rotate the rotation mirror, be improved. 

On the other hand, in order to improve the image frequency, a length of a signal line and a line width must be 
reduced. Also, influence of a parasitic capacitance is acceleratedly increased. Due to this, there occurs a problem in 
30 which the manufacturing cost is substantially increased. 

Regarding the recording medium, if image data is recorded by use of N number of laser beams, the number of rota- 
tions of the rotation mirror and the image frequency are reduced to 1/N, respectively. 

For example, Japanese Patent Application KOKAI Publication No. 59-1 8861 6 discloses a multi-beam laser exposer 
unit in which a semiconductor laser, serving as a light source, N sets of a cylinder lens and glass fe lens group, and N/2 
35 of polygon mirror are used when the number of multi-beams is N. 

However, in the above example, from the viewpoint of the single optical exposer unit, the cost of the parts and that 
of the assembly, the size and weight rise if the number of the lenses or the mirrors are increased. 

Moreover, it has been known that the curve of the main-scanning line of the laser beam of each color component, 
or the deviation of the aberration characteristics on the image forming surface such as a fO characteristic becomes une- 
40 ven due to the error of the shape of the fe lens or the position of the attachment. As a result, a miss-alignment of color 
components is generated at the time of a color image-forming. The curve of the main-scanning line means that the 
locus of the laser beam, which is scanned toward the image surface is curved. Also, the unevenness of the fe charac- 
teristic means that the position of the beam on the image surface against the angle 0 of the scanned laser beam is 
shifted. 

45 Due to the curve of the main-scanning line or the unevenness of the fe characteristic, various disadvantages are 
generated. For example, overlapped colors to be emitted are not the same as a predetermined color (color shift), or 
density of the same color is varied. Or, the outline of the image of the overlapped colors is shifted. 

Japanese Patent Application KOKAI Publication No. 2-58014 discloses a multi-beam laser exposer unit in which 
two laser beams are passed through one of two fe lenses, which are paired, and the other two pairs of lenses are used 

so in each of the laser beams. However, the curve of the main-scanning line or the unevenness of the fe characteristic can- 
not be equalized even by the above method. Due to this, overlapped colors to be emitted are not the same as a prede- 
termined color, or density of the same color is varied. 

In the examples of Japanese Patent Application KOKAI Publication No. 59-188616 or 2-58014, M number of multi- 
beams can be passed. However, in a case where each of M number of multi-beams includes Ni (= 2 or more), the 

55 above-mentioned disadvantages cannot be solved. Therefore, it is needed that the number of rotations of the mirror and 
the image frequency be increased in order to improve resolution and the process speed. 

Japanese Patent Application KOKAI Publication No. 4-50908 discloses the lens in which the curvature of the lens 
in the sub-scanning direction can be defined regardless of the shape of the main-scanning direction. However, the lens 
is symmetrical to the surface of the main-scanning direction including the optical axis and that of the sub-scanning 
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direction. Due to this, if the scanning width is made wide, the image is deteriorated. Moreover, since the cross section 
of the lens of the sub-scanning direction is arc, the beam distance of the sub-scanning direction is not constantly main- 
tained if the plurality of beams are passed through the lens. Furthermore, since transmissivity is largely reduced at the 
peripheral portion as compared with the central portion, density of the intermediate tone color or that of the color image 
5 is easily varied. 

Japanese Patent Application KOKAI Publication No. 57-67375 discloses the method for detecting the horizontal 
synchronization, which is provided by the plurality of beams, by the same detector. However, since each of the beams 
is guided to the distributor, it is needed that the respective beams be separated with respect to the main-scanning direc- 
tion. Due to this, there is difficulty in conforming write timing of the image of each beam to each other. 
10 In Japanese Patent Application KOKAI Publication Nos. 59-26005 and 59-26006, the following example is dis- 
closed. 

More specifically, when one of the laser elements is emitted and the horizontal synchronization is detected, the 
emission of the corresponding laser element is stopped and the other laser element is emitted. 

However, it is needed that the respective beams be separated with respect to the main-scanning direction. Due to 
15 this, there is difficulty in conforming write timing of the image of each beam to each other. 

Japanese Patent Application KOKAI Publication No. 64-73369 discloses the example in which the other beam write 
timing is set based on the horizontal syn signal of one beam. However, there is a problem in which repeatability of timing 
is changed due to the rise of temperature. 

Japanese Patent Application KOKAI Publication No. 61-25366 discloses the example in which laser power, the 
20 scanning speed, and the image frequency are controlled based on the signal from resolution changing means. How- 
ever, this example cannot be applied to the case in which two or more beams are used. 

In many color image forming apparatus, there is a tendency that the frequency of which the monochrome image 
output is increased as compared with the frequency of which the color image is output. Also, as compared with the color 
image, sharpness of image is much needed in the monochrome image. However, as compared with the optical appa- 
25 ratus, which is used in the laser beam corresponding to the monochrome image, resolution is not much required in the 
optical apparatus, which is used in the laser beams corresponding to the color image. Therefore, the use of the optical 
apparatus, which is used in the laser beam corresponding to the monochrome image, increases the manufacturing 
cost. 

An object of the present invention is to provide an optical exposer unit applicable to the image forming apparatus, 
30 which can provide a color image having no color shift at low manufacturing cost. 

According to a first aspect of the present invention, there is provided an optical exposer unit comprising: 

at least one or more light sources having the sum total of numbers shown N 1 to N M (M = one or more integral 
number), for respectively emitting light beams; 
35 first lens means for converting each of the light beams emitted from each of the light sources to either a convergent 
light beam or a parallel light beam, the first lens including one of a finite lens and a collimate lens of the sum total 
of numbers N-j to N M ; 

second lens means for providing lens power of a first direction so as to converge the light beam emitted from each 
of the first lens to only the first direction, and the second lens means prepared to be M pairs; 
40 deflecting means for deflecting the light beam emitted from the second lens means to a second direction perpen- 
dicular to the first direction, the deflecting means including a reflection surface formed to be rotatable around a rota- 
tion axis extended to be parallel to the first direction; and 

image forming means, including at least one lens, for image-forming each of the light beams deflected at an equal 
speed by the deflecting means at a predetermined position, the image forming means for correcting a shift of the 
45 image formed position against the predetermined position generated by a tilt of the reflection surface of the deflect- 
ing means in the first direction. 

According to a second aspect of the present invention, there is provided an optical exposer unit comprising: 

50 at least one or more light sources having the sum total of numbers shown N 1 to N M (M = one or more integral 
number), for respectively emitting light beams, and at least one of N 1 to N M includes two or more integral number; 
first lens means for converting each of the light beams emitted from each of the light sources to either a convergent 
light beam or a parallel light beam, the first lens including one of a finite lens and a collimate lens of the sum total 
of numbers N 1 to N M ; 

55 second lens means for providing lens power of a first direction so as to converge the light beam emitted from each 
of the first lens to only a first direction, and the second lens means prepared to be M pairs; 
deflecting means for deflecting the light beam emitted from the second lens means to a second direction perpen- 
dicular to said first direction, the deflecting means including a reflection surface formed to be rotatable around a 
rotation axis extended to be parallel to the first direction; and 
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image forming means, including at least one lens, for image-forming each of the light beams deflected at an equal 
speed by the deflecting means at a predetermined position, the image forming means for correcting a shift of the 
image formed position against the predetermined position generated by a tilt of the reflection surface of the deflect- 
ing means in the first direction. 

5 

According to a third aspect of the present invention, there is provided an optical exposer unit comprising: 

light sources having the sum total of numbers shown N-j to N M (M = two or more integral number), for respectively 
emitting light beams; 

10 first lens means for converting each of the light beams emitted from each of the light sources to either a convergent 
light beam or a parallel light beam, the first lens including one of a finite lens and a collimate lens of the sum total 
of numbers N 1 to N M ; 

second lens means for providing lens power of a first direction so as to converge the light beam emitted from each 
of the first lens to only the first direction, and the second lens means prepared to be M pairs; 
15 deflecting means for deflecting the light beam emitted from the second lens means to a second direction perpen- 
dicular to the first direction, the deflecting means including a reflection surface formed to be rotatable around a rota- 
tion axis extended to be parallel to the first direction; and 

image forming means, including at least one lens, for image-forming each of the light beams deflected at an equal 
speed by the deflecting means at a predetermined position, the image forming means for correcting a shift of the 
20 image formed position against the predetermined position generated by a tilt of the reflection surface of the deflect- 
ing means in the first direction. 

According to a fourth aspect of the present invention, there is provided an image forming apparatus comprising: 

25 M number of image carrier members and 
one optical exposer unit having: 

a plurality of light sources having the sum total of numbers shown N 1 to N M (M = one or more integral number); 
deflecting means for deflecting the light beam emitted from each of the plurality of the light sources N 1 to N M at a 
predetermined position of a corresponding image carrier member; 

30 one optical means for providing a predetermined optical characteristic to each of the light beams; 

image forming means, including at least one lens, for image-forming each of the light beams deflected at an equal 
speed by the deflecting means on a predetermined position, the image forming means for correcting a shift of the 
image formed position against the predetermined position generated by a tilt of the reflection surface of the deflect- 
ing means in the first direction; and 

35 M number of developing means for supplying developing agent to a latent image formed on each of the image car- 
rier member by the exposer unit so as to form a developed image. 

This invention can be more fully understood from the following detailed description when taken in conjunction with 
the accompanying drawings, in which: 

40 

FIG. 1 is a schematic cross sectional view of an image forming apparatus in which an optical exposer unit of an 
embodiment of the present invention is used; 

FIG. 2 is a schematic plain view showing the arrangement of the optical members of the optical exposer unit which 
is incorporated into the image forming apparatus of FIG. 1 ; 
45 FIG. 3 is a partial cross sectional view of a pre-deflection optical system of the optical exposer unit of FIG. 2 cut 
along an optical axis of the system between a first optical source and a deflector; 

FIG. 4 is a partial cross section view of a pre-deflection optical system of the optical exposer unit of FIG. 2 in a sub- 
scanning direction to show a state of first to fourth laser beams directing to the deflector; 
FIG. 5 is a schematic cross section of the optical exposer unit of FIG. 2 cut at a deflection angle of 0° of the def lec- 
so tor; 

FIG. 6 is an expanded view of an optical path of a post-deflection optical system, which is expressed in a state that 
the optical exposer unit of FIG. 2 is cut at a deflection angle of 0° of the deflector and mirrors are removed; 
FIG. 7 is a schematic plain view showing a state that the respective optical members of the pre-deflection optical 
system of the optical exposer unit of FIG. 2 are arranged; 
55 FIGS. 8A and 8B are a plain view and a side view each showing a laser synthetic mirror unit of the optical exposer 
unit of FIG. 2; 

FIG. 9 is a schematic perspective view showing a reflection mirror for an SYNC of horizontal detection of the optical 
exposer unit of FIG. 2; 
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FIG. 10 is a schematic perspective view showing an adjusting mechanism of an emission mirror of the optical 
exposer unit of FIG. 1 ; 

FIG. 1 1 is a schematic view showing the principle of the resist correction in the image forming apparatus of FIG. 1 ; 
FIG. 12 is a schematic cross sectional view of the resist sensor of FIG. 1 1 ; 
5 FIGS. 13A and 13B are schematic views showing a detection output of the resist of the resist sensor of FIG. 12; 
FIG. 14 is a block diagram of an image control section of the image forming apparatus of FIG. 1 ; 
FIG. 15 is a perspective view showing a shape of an incident surface of a first f8 lens of the optical exposer unit of 
FIG. 2; 

FIG. 16 is a graph showing a curvature of an incident surface of the first lens (of the optical exposer unit of FIG. 2) 
w of the sub-scanning direction at a cross point between a light scanning surface and a lens surface (that is, a plane, 
which includes an optical axis of the optical system and is expanded to the main-scanning direction); 
FIG. 1 7 is a graph showing a secondary differential value between the curvature the sub-scanning direction and the 
coordinates of the main-scanning direction at the cross point between the light scanning surface and the lens sur- 
face, in connection with the incident surface of the first lens of the optical exposer unit of FIG. 2; 
75 FIG. 18 is a graph showing a differential value between the coordinates of the main-scanning direction and the 
coordinates of the direction of the optical axis at the cross point between the light scanning surface and the lens 
surface, in connection with the incident surface of the first lens of the optical exposer unit of FIG. 2; 
FIG. 19 is a graph showing a curvature of the main-scanning direction at the cross point between the light scanning 
surface and the lens surface (that is, the plane, which includes the optical axis of the optical system and is 
20 expanded to the main-scanning direction), in connection with the incident surface of the first lens of the optical 
exposer unit of FIG. 2; 

FIG. 20 is a graph showing the offset shape of the incident surface of the first lens of the sub-scanning direction at 
each point of the lens surface based on the cross point between the light scanning surface and the lens surface 
(that is, the plane, which includes the optical axis of the optical system and is expanded to the main-scanning direc- 
ts tion); 

FIG. 21 is a schematic view showing the shift of the shape of the incident surface of the first lens of the sub-scan- 
ning direction based on an arc having curvature in a condition that the sub-scanning direction z = 0; 
FIG. 22 is a schematic view showing an asymmetrical component to the surface expanding to the sub-scanning 
direction and including the optical axis with respect to the shape of the the incident surface of the first lens; 
30 FIG. 23 is a perspective view showing the shape of a light emission surface of the first lens of the optical exposer 
unit of FIG. 2; 

FIG. 24 is a graph showing a curvature of the emission surface of the first lens of the sub-scanning direction at a 
cross point between a tight scanning surface and a lens surface (that is, a plane, which includes an optical axis of 
the optical system and is expanded to the main-scanning direction); 

35 FIG. 25 is a graph showing a secondary differential value between the curvature of the sub-scanning direction and 
the coordinates of the main-scanning direction at the cross point between the light scanning surface and the lens 
surface, in connection with the emission surface of the first lens of the optical exposer unit of FIG. 2; 
FIG. 26 is a graph showing a differential value between the coordinates of the main-scanning direction and the 
coordinates of the direction of the optical axis at the cross point between the light scanning surface and the lens 

40 surface, in connection with the emission surface of the first lens of the optical exposer unit of FIG. 2; 

FIG. 27 is a graph showing a curvature of the emission surface of the first lens of the main-scanning direction at the 
cross point between the light scanning surface and the lens surface (that is, the plane, which includes the optical 
axis of the optical system and is expanded to the main-scanning direction); 

FIG. 28 is a graph showing the offset shape of the emission surface of the first lens of the sub-scanning direction 
45 at each point of the lens surface based on the cross point between the light scanning surface and the lens surface 
(that is, the plane, which includes the optical axis of the optical system and is expanded to the main-scanning direc- 
tion); 

FIG. 29 is a schematic view showing the shift of the shape of the emission surface of the first lens of the sub-scan- 
ning direction based on an arc having curvature in a condition that the sub-scanning direction z = 0; 
so FIG. 30 is a schematic view showing an asymmetrical component to the surface expanding to the sub-scanning 
direction and including the optical axis with respect to the shape of the emission surface of the first lens; 
FIG. 31 is a perspective view showing the shape of a incident surface of a second lens of the optical exposer unit 
of FIG. 2; 

FIG. 32 is a graph showing a curvature of the incident surface of the second lens of the sub-scanning direction at 
55 a cross point between a light scanning surface and a lens surface (that is, a plane, which includes an optical axis 
of the optical system and is expanded to the main-scanning direction); 

FIG. 33 is a graph showing a secondary differential value between the curvature of the sub-scanning direction and 
the coordinates of the main-scanning direction at the cross point between the light scanning surface and the lens 
surface, in connection with the incident surface of the second lens of the optical exposer unit of FIG. 2; 
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FIG. 34 is a graph showing a differential value between the coordinates of the main-scanning direction and the 
coordinates of the direction of the optical axis at the cross point between the light scanning surface and the lens 
surface, in connection with the incident surface of the second lens of the optical exposer unit of FIG. 2; 
FIG. 35 is a graph showing a curvature of the incident surface of the second lens of the main-scanning direction at 
5 the cross point between the light scanning surface and the lens surface (that is, the plane, which includes the opti- 
cal axis of the optical system and is expanded to the main-scanning direction); 

FIG. 36 is a graph showing the offset shape of the incident surface of the second second lens of the sub-scanning 
direction at each point of the lens surface based on the cross point between the light scanning surface and the lens 
surface (that is, the plane, which includes the optical axis of the optical system and is expanded to the main-scan- 
10 ning direction); 

FIG. 37 is a schematic view showing the shift of the shape of the incident surface of the second lens of the sub- 
scanning direction based on an arc having curvature in a condition that the sub-scanning direction z = 0; 
FIG. 38 is a schematic view showing an asymmetrical component to the surface expanding to the sub-scanning 
direction and including the optical axis with respect to the shape of the incident surface of the second lens; 
15 FIG. 39 is a perspective view showing the shape of the emission surface of the second lens of the optical exposer 
unit of FIG. 2; 

FIG. 40 is a graph showing a curvature of the emission surface of the second lens of the sub-scanning direction at 
a cross point between a light scanning surface and a lens surface (that is. a plane, which includes an optical axis 
of the optical system and is expanded to the main-scanning direction); 

20 FIG. 41 is a graph showing a secondary differential value between the curvature of the sub-scanning direction and 
the coordinates of the main-scanning direction at the cross point between the light scanning surface and the lens 
surface, in connection with the emission surface of the second lens of the optical exposer unit of FIG. 2; 
FIG. 42 is a graph showing a differential value between the coordinates of the main-scanning direction and the 
coordinates of the direction of the optical axis at the cross point between the light scanning surface and the lens 

25 surface, in connection with the emission surface of the second lens of the optical exposer unit of FIG. 2; 

FIG. 43 shows a curvature of the emission surface of the second lens of the main-scanning direction at the cross 
point between the light scanning surface and the lens surface (that is, the plane, which includes the optical axis of 
the optical system and is expanded to the main-scanning direction); 

FIG. 44 is a graph showing the offset shape of the emission surface of the second image-forming second lens of 
30 the sub-scanning direction at each point of the main-scanning direction of the lens surface based the cross point 
between the light scanning surface and the lens surface (that is, the plane, which includes the optical axis of the 
optical system and is expanded to the main-scanning direction); 

FIG. 45 is a schematic view showing the shift of the shape of the emission surface of the second lens of the sub- 
scanning direction based on an arc having curvature in a condition that the sub-scanning direction z = 0; 
35 FIG. 46 is a schematic view showing an asymmetrical component to the scanning surface expanding to the sub- 
scanning direction and including the optical axis with respect to the shape of the emission surface of the second 
lens of the main-scanning direction; 

FIG. 47 is a graph showing a distribution of power, which is continuous in the sub-scanning direction of the first lens 
of the optical exposer unit of FIG. 2; 
40 FIG. 48 is a graph showing a distribution of power, which is continuous in the main-scanning direction of the first 
lens of the optical exposer unit of FIG. 2; 

FIG. 49 is a graph showing a distribution of power, which is continuous in the sub-scanning direction of the second 
lens of the optical exposer unit of FIG. 2; 

FIG. 50 is a graph showing a distribution of power, which is continuous in the main-scanning direction of the second 
45 lens of the optical exposer unit of FIG. 2; 

FIG. 51 is a schematic view showing the relative position of the laser beams in the sub-scanning direction after 
passing through a hybrid cylinder lens of the optical exposer unit of FIG. 2; 

FIG. 52 is a graph showing the variation of the laser beam emitted from a first laser element for magenta in the 
direction of the main-scanning direction, that is, an amount of de-focus of the laser laser beam in each of the main- 

50 scanning direction and the sub-scanning direction from the image surface to an image-formed position; 

FIG. 53 is a graph showing the variation of the laser beam emitted from the first laser element for cyan in the direc- 
tion of the main-scanning direction, that is, an amount of de-focus of the laser laser beam in each of the main-scan- 
ning direction and the sub-scanning direction from the image surface to an image-formed position; 
FIG. 54 is a graph showing the variation of the laser beams emitted from each of first laser elements for black or 

55 yellow in the direction of the main-scanning direction, that is, an amount of de-fbcus of the laser beam in each of 
the main-scanning direction and the sub-scanning direction from the image surface to an image-formed position; 
FIG. 55 is a graph showing the value of the scanning line curve of the laser beam emitted from the first laser ele- 
ment for magenta versus a position of the laser beam in the main-scanning direction; 
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FIG. 56 is a graph showing the value of the scanning line curve of the laser beam emitted from the first laser ele- 
ment for cyan versus a position of the laser beam in the main-scanning direction; 

FIG. 57 is a graph showing the value of the scanning line curve of each of the laser beams emitted from each of 
the first laser elements for black or yellow versus a position of the laser beam in the main-scanning direction; 
5 FIG. 58 is a graph showing the value of variation of distance of the positions of the laser beams emitted from the 

first and second laser elements for magenta versus a position of the laser beam in the main-scanning direction on 
the image surface; 

FIG. 59 is a graph showing the value of variation of distance of the positions of the laser beams emitted from the 
first and second laser elements for cyan versus a position of the laser beam in the main-scanning direction on the 
w image surface; 

FIG. 60 is a graph showing the value of variation of distance of the positions of the laser beams, emitted from the 
first and second laser elements for black or first and second laser elements for yellow, versus a position of the beam 
in the main-scanning direction on the image surface; 

FIG. 61 is a graph showing the variation ratio of an inverse of a converging angle, that is, the variation ratio of each 
15 laser beam diameter in the main-scanning direction and the sub-scanning direction on the image surface, in con- 
nection with each of the laser beams emitted from each of the first laser element for magenta, the first laser element 
for black, and the first laser element for yellow; 

FIG. 62 is a graph showing the variation ratio of the fO characteristic of each laser beam in the main scanning direc- 
tion on the image surface, in connection with each of the laser beams emitted from each of the first laser element 

20 for magenta, the first laser element for cyan, the first laser element for black, and the first laser element for yellow; 
FIG. 63 is a graph showing the variation of the beam position of the sub-scanning direction on the image surface 
in a state that the tilts of the deflect surfaces of the polygon mirror is contained in one minute, in connection with 
each of the laser beams emitted from each of the first laser element for magenta, the first laser element for cyan, 
the first laser element for black, and the first laser element for yellow; 

25 FIG. 64 is a graph showing the variation ratio of transmissivity of each laser beam against the image surface beam 
position in the main scanning direction on the image surface in connection with each of the laser beams emitted 
from each of the first laser element for magenta, the first laser element for cyan, the first laser element for black, 
and the first laser element for yellow; 

FIG. 65 is a schematic cross sectional view showing an image forming apparatus, which is different from the image 
30 forming apparatus of FIG. 1 ; 

FIG. 66 is a schematic plane view showing the arrangement of optical members of an optical exposer unit, which 
is incorporated into the image forming apparatus of FIG. 65; 

FIG. 67 is an expanded view of the optical path of the post-deflection optical system, which is expressed in a state 
that the optical exposer unit of FIG. 65 is cut at a deflection angle of 0° of the deflector and mirrors are removed; 
35 FIG. 68 is a schematic view showing one example of the light source, that is, light emission unit of the optical 
exposer unit of FIG. 65; 

FIG. 69 is a schematic plane view showing a state that a distance between the beams is detected in the optical 
exposer unit of FIG. 65; 

FIG. 70 is a cross sectional plane view showing a state that a distance between the beams is detected in the optical 
40 exposer unit of FIG. 65; 

FIG. 71 is a schematic view showing an example in which the distance between the laser beams is changed in 
order to change resolution in the optical exposer unit of FIG. 65; 

FIG. 72 is a schematic cross sectional view showing an image forming apparatus, which is different from the image 
forming apparatus of FIGS. 1 and 65; 
45 FIG. 73 is a schematic plane view showing the arrangement of optical members of an optical exposer unit, which 
is incorporated into the image forming apparatus of FIG. 72; 

FIG. 74 is a perspective view showing the shape of the incident surface of the fe lens of the optical exposer unit of 
FIG. 73; 

FIG. 75 is a graph showing a curvature of the incident surface of the fe lens (of the optical exposer unit of FIG. 73) 
so of the sub-scanning direction at a cross point between a light scanning surface and a lens surface (that is, a plane, 
which includes an optical axis of the optical system and is expanded to the main-scanning direction); 
FIG. 76 is a graph showing a secondary differential value between the curvature of the sub-scanning direction and 
the coordinates of the main-scanning direction at the cross point between the light scanning surface and the lens 
surface, in connection with the incident surface of the fe lens of the optical exposer unit of FIG. 73; 
55 FIG. 77 is a graph showing a differential value between the coordinates of the main-scanning direction and the 
coordinates of the direction of the optical axis at the cross point between the light scanning surface and the lens 
surface, in connection with the incident surface of the fe lens of the optical exposer unit of FIG. 73; 
FIG. 78 is a graph showing a curvature of the incident surface of the main-scanning direction at a cross point 
between a light scanning surface and a lens surface (that is, a plane, which includes an optical axis of the optical 
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system and is expanded to the main-scanning direction), in connection with the incident surface of the fe lens of the 
optical exposer unit of FIG. 73; 

FIG. 79 is a graph showing the shape of the incident surface of the fe lens of the sub-scanning direction at each 
point of the main-scanning direction of the lens surface based the cross point between the light scanning surface 
and the lens surface (that is, the plane, which includes the optical axis of the optical system and is expanded to the 
main-scanning direction). 

FIG. 80 is a graph showing the shift of the shape of the incident surface of the f0 lens of the sub-scanning direction 
based on an arc having curvature in a condition that the sub-scanning direction z = 0; 

FIG. 81 is a schematic view showing an asymmetrical component to the surface expanding to the sub-scanning 
direction and including the optical axis with respect to the shape of the the incident surface of the fe lens; 
FIG. 82 is a perspective view showing the shape of the emission surface of the fe lens of FIG. 73; 
FIG. 83 is a graph showing a curvature of the emission surface of the fe lens of the sub-scanning direction at a 
cross point between a light scanning surface and a lens surface (that is, a plane, which includes an optical axis of 
the optical system and is expanded to the main-scanning direction); 

FIG. 84 is a graph showing a secondary differential value between the curvature of the sub-scanning direction and 

the coordinates of the main-scanning direction at the cross point between the light scanning surface and the lens 

surface, in connection with the emission surface of the fe lens of the optical exposer unit of FIG. 73; 

FIG. 85 is a graph showing a differential value between the coordinates of the main-scanning direction and the 

coordinates of the direction of the optical axis at the cross point between the light scanning surface and the lens 

surface, in connection with the emission surface of the fe lens of the optical exposer unit of FIG. 73; 

FIG. 86 is a graph showing a curvature of the emission surface of the fe lens of the main-scanning direction at the 

cross point between the light scanning surface and the iens surface (that is, the plane, which includes the optical 

axis of the optical system and is expanded to the main-scanning direction); 

FIG. 87 is a graph showing the shape of the emission surface of the fe lens of the sub-scanning direction at each 
point of the main-scanning direction of the lens surface based the cross point between the light scanning surface 
and the lens surface (that is, the plane, which includes the optical axis of the optical system and is expanded to the 
main-scanning direction); 

FIG. 88 is a graph showing the shift of the shape of the emission surface of the f e lens of the sub-scanning direction 
based on an arc having curvature in a condition that the sub-scanning direction z = 0; 

FIG. 89 is a schematic view showing an asymmetrical component to the surface expanding to the sub-scanning 
direction and including the optical axis with respect to the shape of the emission surface of the fe lens of the main- 
scanning direction; 

FIG. 90 is a graph showing a distribution of power, which is continuous in the sub-scanning direction in connection 
with the fe lens of the optical exposer unit of FIG. 73; 

FIG. 91 is a graph showing a distribution of power, which is continuous in the main-scanning direction in connection 
with the fe lens of the optical exposer unit of FIG. 73; 

FIG. 92 is a schematic view showing the relative position of the laser beams in the sub-scanning direction against 
the optical axis of a hybrid cylinder lens after passing through the hybrid cylinder lens of the optical exposer unit of 
FIG. 73; 

FIG. 93 is a graph showing the variation of the laser beam in the direction of the main-scanning direction, that is, 
an amount of de-focus of the laser laser beam in each of the main-scanning direction and the sub-scanning direc- 
tion from the image surface to an image-formed position; 

FIG. 94 is a graph showing the value of variation of distance of the positions of the laser beams versus the beam 
position in the main-scanning direction on the image surface; 

FIG. 95 is a graph showing the variation ratio of an inverse of a converging angle, that is, the variation ratio of each 
laser beam diameter in the main-scanning direction and the sub-scanning direction on the image surface; 
FIG. 96 is a graph showing the variation ratio of the fe characteristic of each laser beam in the main scanning direc- 
tion on the image surface; 

FIG. 97 is a graph showing the variation of the beam position of the sub-scanning direction on the image surface 
in a state that the tilts of the deflect surface of the polygon mirror 5 is contained within one minute; and 
FIG. 98 is a graph showing the variation ratio of transmissivity of each laser beam against the image surface beam 
position in the main scanning direction on the image surface. 

Embodiments of the present invention will be described with reference to the drawings. 
FIG. 1 is a front cross sectional view of a color image forming apparatus of a quadruple-drum system. 
An image forming apparatus 100 has first to fourth image forming units 50Y, 50M, 50C, and SOB for forming an 
image of each of components, which are color-separated into Y (Yellow), M (Magenta), C (Cyan), and B (Black). 
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The respective image forming units 50 are provided under a laser exposer unit 1 in series in order of 50Y, 50M, 50C, 
and SOB so as to correspond to the position where the laser beams LY LM, LC, LB corresponding to the respective color 
components are emitted through the respective mirrors 37Y, 37M, 37C, and 33 B. 

A transfer belt 52 is provided under the respective image forming units 50 to transfer an image formed by the 
5 respective image forming units 50Y, 50M, 50C, and SOB. 

The transfer belt 52 is stretched onto a belt drive roller 56 and a tension roller 54, and rotated at a predetermined 
speed in a direction where the belt drive roller 56 is rotated. 

The respective image forming units 50Y, 50M, 50C, and SOB include photosensitive members 58Y 58M, 58C, and 
58B. The photosensitive members 58Y 58M, 58C, and 58B, which are shaped like a cylindrical drum to be rotatable in 
w a direction of an arrow, form an electrostatic latent image corresponding to each image. 

There are arranged charge units 60 (Y, M, C, B), developing units 62 (Y, M, C, B), transfer units 64 (Y, M, C. B), 
cleaners 66 (Y, M, C. B), and discharge units 68 (Y M, C, B) around the respective photosensitive members 58Y, 58M, 
58C, and 58B in order of the rotational direction of the photosensitive members 58 (Y, M, C, B). 

Each of the charge units 60 provides a predetermined voltage on the surface of each of the respective photosen- 
15 sitive members 58 (Y, M, C, B). 

Each of the developing units 62 develops the electrostatic latent image on the surface of each of the photosensitive 
members 58 with toner to which the corresponding color is provided. 

Each of the transfer units 64 transfers an toner image, which is formed on each of the photosensitive members 58, 
to a recording medium, which is transferred through the transfer belt 52, in a state that the transfer belt 52 is provided 
20 between each of the photosensitive members 58 and each of the transfer units 64 to be opposite to each of the photo- 
sensitive members 58. 

Each of the cleaners 66 removes the residual toner, which is left on each of the photosensitive members 58 after 
each toner image is transferred through each of the transfer units 64. 

Each of the discharge units 68 removes the residual voltage, which is left on each of the photosensitive members 
25 58 after each toner image is transferred through each of the transfer units 64. 

Irradiation of the respective laser beams LY, LM, LC, and LB, which are guided by the respective mirrors 37Y, 37M, 
37C, 33B of the laser exposer unit 1 , is provided between the respective charge units 60 (Y, M, C, B) and the respective 
developing units 62 (Y, M, C, B). 

A paper cassette 70 is provided under the transfer belt 62 to contain the recording medium for transferring the 
30 image formed by each of the image forming units 50 (Y, M, C, B), that is, paper R 

A feeding roller 72 having a semicircular cross section is provided at the position, which is one end portion of the 
paper cassette 70 and a portion close to the tension roller 54, so as to pick up paper P contained in the paper cassette 
70 one by one from the ippermost section. 

A resist roller 74 is provided between the feeding roller 72 and the tension roller 54. The resist roller 74 is used to 
35 conform the top end of one paper R which is picked up from the cassette 70, to the top end of each toner image formed 
on the respective image forming units 50, particularly the toner image formed on the photosensitive member 58B by the 
image forming unit SOB. 

There is provided an absorption roller 74 at a portion between the resist roller 74 and the first image forming unit 
SOY, that is, a portion close to the tension roller 54, substantially on an outer periphery of the tension roller 54. The 
40 absorption roller 76 provides a predetermined electrostatic absorption. The axis of the absorption roller 76 and the ten- 
sion roller 54 are arranged to be parallel with each other. 

There are provided resist sensors 78 and 80 at a portion, which is end portion of the transfer belt 52, and close to 
the belt drive roller 56, substantially on an outer periphery of the belt drive roller 56 to have a predetermined distance 
in an axial direction of the belt drive roller 56. The resist sensors 78 and 80 detect the position of the image formed on 
45 the transfer belt 52 (FIG. 1 is the front cross sectional view shewing only the back sensor 80). 

A transfer belt cleaner 82 is provided on the transfer belt 52 corresponding to the outer periphery of the beit drive 
roller 56. The transfer belt cleaner 82 removes toner adhered onto the transfer belt 52 or paper dust from paper P. 

A fixing unit 84 is provided in a direction where paper P transferred through the transfer belt 52 is detached from 
the belt drive roller 56 and further transferred. The fixing unit 84 is used to fix the toner image, which is transferred onto 
so the paper R to paper R 

FIG. 2 is a schematic cross sectionaJ view of a multi-beam laser scanning apparatus, which is used in the image 
forming apparatus of FIG. 1. 

In general, in the color laser beam printer, four are used four kinds of image data, which is color-separated into the 
respective color components Yellow (Y), Magenta (M), Cyan (C), and Black (B), and various units for forming an image 
55 corresponding to each of the image components. Then, image data of the respective color components and the corre- 
sponding units are discriminated by the subscripts of Y (Yellow), M (Magenta), C (Cyan), and B (Black). 

As shown in FIG. 2, the multi-beam laser exposer unit 1 has a polygon mirror unit 5 (deflecting means). The poly- 
gon mirror unit 5 deflects each of the laser beams emitted from each of the laser elements, serving as a light source, to 
a predetermined position of each of the image surfaces, that is, each of photosensitive drums 58 (Y, M, C, B) of the first 
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to fourth image forming sections 50 (Y, M, C. B) at a predetermined linear speed. In this case, a direction where the 
laser beam is deflected by each of the reflection surfaces of the polygon mirror 5 is hereinafter called "main-scanning 
direction." 

The polygon mirror S has includes a polygon mirror body 5a in which eight-face plane reflectors are arranged in a 
5 shape of a regular polygon, and a motor (not shown), which rotates the polygon mirror body 5a to the main-scanning 
direction at at a predetermined speed. 

The polygon mirror body 5a is formed of, for example, aluminum. 

Each of the reflection surfaces of the polygon mirror body 5a is cut along the surface including direction where the 
polygon mirror body 5a is rotated, that is, the surface perpendicular to the main-scanning direction. Thereafter, a sur- 
10 face protection layer of such as Si0 2 is deposited on the cut surface. 

A post-deflection optical system 21 is provided between the polygon mirror 5 and the image surface in order to pro- 
vide a predetermined optical characteristic to each of the laser beams deflected to a predetermined direction by each 
of the reflection surfaces of the polygon mirror 5. 

The post-deflection optical system 21 comprises two lenses, first and second lenses 30a and 30b. Each of the laser 
is beam deflected to the predetermined direction by each of the reflection surfaces is guided to a predetermined position 
of each of the photosensitive drums 58 (Y, M, C, B). 

A horizontal synchronization detector 23 is provided at a position where the beam passed through a predetermined 
position of the second lens 30b of the post-deflection optical system 21 is guided. The above predetermined position 
corresponds to a position where each of the laser beams L (Y, M, C, B) emitted from the second image forming lens 
20 30b is deflected to a position prior to an image write starting position on the photosensitive drum 58. 

A mirror 25 for horizontal synchronization is provided between the post-deflection optical system 21 and the hori- 
zontal syn detector 23. The mirror 25 is used to reflect the part of 4 x 2 synthesized laser beams L (Y, M, C, B), which 
are passed through at least one of lenses (30a, 30b) included in the post-deflection optical system 21 toward the detec- 
tor 23 in each of the main-scanning direction and the sub-scanning direction. The following will specifically explain the 
25 pre-def lection optical system formed between the laser elements and the polygon mirror 5. 

The laser exposer unit 1 includes first to fourth light sources 3Y, 3M, 3C, and 3B (M, M = positive integral number, 
4 in this case) including first and second (N1 = N2 = N3 = N4 = 2 ) laser elements satisfying Ni (i = positive integral 
number), for generating the laser beam corresponding to image data, which is color-separated into color components. 

The first to fourth light sources 3Y, 3M, 3C, and 3B include first and second yellow lasers 3Ya, 3Yb for emitting laser 
30 beams corresponding to yellow images, first and second magenta lasers 3Ma, 3Mb for emitting laser beams corre- 
sponding to magenta images, first and second cyan lasers 3Ca, 3Cb for emitting laser beams corresponding to cyan 
images, and first and second black lasers 3Ba, 3Bb for emitting laser beams corresponding to black images. In this 
case, first to fourth laser beams, that is, paired LYa and LYb, paired LMa and LMb, paired LCa and LCb, and paired LBa 
and LBb are emitted from each of the laser elements. 
35 Four pairs of pre-def lection optical systems 7 (Y, M, C, B) are arranged between the respective laser elements 3Ya, 
3Ma, 3Ca, 3Ba and the polygon mirror 5, in order to provide a predetermined shape of a cross section beam spot of 
each of the laser beams LYa, LMa, LCa and LBa emitted from each of the light sources 3Ya, 3Ma, 3Ca, and 3Ba. 

The following will explain the preelection optical system 7 (Y) in which the laser beam LYa directing to the poly- 
gon mirror 5 from the first yellow laser 3Ya is shown as a typical example. 
40 A predetermined convergence is provided to the dispersive laser beam emitted from the first yellow laser 3Ya by a 
finite focus lens 9Ya. Thereafter, the cross section beam is formed to be a predetermined shape by a diaphragm 10Ya. 
A predetermined convergence is further provided to the laser beam LYa, which is passed through the diaphragm 10Ya, 
in only the sub-scanning direction through a hybrid cylinder lens 1 1 Y so as to be guided to the polygon mirror 5. 

A half mirror 12Y is provided between the finite focus lens 9Ya and the hybrid cylinder lens 1 1 Y to have a predeter- 
45 mined angle against the optical axis. 

A laser beam LYb emitted from the second yellow laser 3Yb is made incident onto the surface opposite to the sur- 
face on which the laser beam LYa is made incident to have a predetermined beam distance between the laser beams 
LYa and LYb in the sub-scanning direction. A finite focus lens 9Yb for providing a predetermined convergence to the 
laser beam LYb emitted from the second laser 3Yb, and a diaphragm 10Yb are arranged between the second yellow 
so laser 3 Yb and the half mirror 1 2Y. 

Each of the laser beams LYa and LYb, which have the predetermined beam distance therebetween in the sub-scan- 
ning direction and which are synthesized into substantially one laser beam, is passed through a laser synthesizing mir- 
ror unit 13 (to be described with reference to FIGS. 8A and 8B), and guided to the polygon mirror 5. 

Regarding the pre-def lection optical system 7M (magenta), a finite focus lens 9Ma, a diaphragm 10Ma, a hybrid cyl- 
55 inder lens 11M, a half mirror 12M, a second magenta laser 3Mb, a finite focus lens 9Mb. and a diaphragm 10Mb are 
arranged at the respective predetermined positions between the first magenta laser 3Ma and the laser synthesizing mir- 
ror unit 13. The finite focus lens 9Mb and the diaphram 10Mb are positioned between the second magenta laser 3Mb 
and the half mirror 12M. Similarly, regarding the pre-def lection optical system 7C (cyan), a finite focus lens 9Ca, a dia- 
phragm 10Ca, a hybrid cylinder lens 1 1C, a half mirror 12C, a second magenta laser 3Cb, a finite focus lens 9Cb, and 
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a diaphragm tOCb are arranged at the respective predetermined positions between the first cyan laser 3Ca and the 
laser synthesizing mirror unit 13. Moreover, similarly, regarding the pre-def lection optical system 7B (black), a finite 
focus lens 9Ba, a diaphragm 10Ba, a hybrid cylinder lens 11 B, a half mirror 12B, a second magenta laser 3Bb, a finite 
focus lens 9Bb, and a diaphragm 10Bb are arranged at the respective predetermined positions between the first black 
laser 3Ba and the laser synthesizing mirror unit 13. 

The light sources 3 (Y, M, C, B), the pre-deflection optical system 7 (Y, M, C, B), and the laser synthesizing mirror 
unit 13 are integrally held by a holding member 15, which is formed of an aluminum alloy 

As finite focus lenses 9 (Y, M, C, B)a, and (Y, M, C, B)b, a single lens, which is formed by adhering an UV (ultravi- 
olet) light-curing plastic aspherical portion (not shown) to the aspherical glass lens or the spherical lens, is used. 

FIG. 3 relates to an optical path formed between the half mirror 12 of the pre-deflection optical system 7 and the 
reflection surface of the polygon mirror 5. FIG. 3 is a partial cross sectional view showing the optical path seeing from 
the sub-scanning direction in a state that the reflection mirror 25 is omitted. In FIG. 3, only the optical parts correspond- 
ing to one laser beam LY (LYa) is shown as a typical example. 

The hybrid cylinder lens 1 1 (Y) is formed of cylinder lens 17 (Y) of PMMA (polymethyl methacrylate) and glass- 
made cylinder lens 1 9 (Y), both which have substantially the same curvature in the sub-scanning direction. The cylinder 
lens 17 (Y) of PMMA is formed such that its surface contacting air is substantially flat. 

Also, the hybrid cylinder lens 1 1 (Y) may be formed as follows. 

More specifically, the cylinder lens 17 (Y) and the cylinder lens 19 (Y) are integrally formed by adhering the emis- 
sion surface of the cylinder lens 17 (Y) to the incident surface of the cylinder lens 19 (Y), or pressing these surfaces to 
a positioning member (not shown) from a predetermined direction. 

The hybrid cylinder lens 11 (Y) may be formed by molding the cylinder lens 17 (Y) on the incident surface of the 
cylinder lens 19 (Y) as one unit. 

The plastic cylinder lens 1 7 (Y) is formed of material such as RMMA (polymethyl methacrylate). The glass cylinder 
lens 19 (Y) is formed of material such as TaSF 21. 

Each of the cylinder lenses 17 (Y) and 19 (Y) is fixed to the finite focus lens 9 to have a correct distance therebe- 
tween by the positioning section, which is formed to be integral with the holding member 15. 
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Table 1 shows optical numeric data of the pre-deflection optical system 7. 
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As is obvious from Table 1 , regarding the finite focus lenses 9 and the hybrid cylinder lenses 1 1 , the same lens can 
be used in any color components. The pre-deflection optical system 7Y corresponding to yellow, and the pre-deflection 
optical system 7B corresponding to black have substantially the same lens arrangement. Moreover, in the pre-deflection 
optical system 7M corresponding to magenta, and the pre-deflection optical system 7C corresponding to cyan, the dis- 
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tance between the finite focus lens 9 and the hybrid cylinder lens 1 1 is made wider than the case of the pre-deflection 
optical systems 7Y and 7B. 

FIG. 4 shows the laser beams LM, LC, LB, which are reflected by the reflection mirrors 13M, 13C. 13B of the laser 
synthesizing mirror and directed to the respective reflection surfaces of the polygon mirror 5, and LY, which is directed 

5 to the respective reflection surfaces of the polygon mirror 5 without being reflected by the reflection mirror in a state that 
the respective beams are passed through the respective pre-deflection optical systems 7 (Y, M, C, B) and separated to 
have a predetermined distance in a direction (sub-scanning direction) parallel to the rotation axis of the respective sur- 
faces of the polygon mirror 5 (LY has LYa and LYb, LM has LMa and LMb, and LC has LCa and LCb). 

As is obvious from FIG. 4, the respective laser beams LY LM, LC, and LB are guided to the polygon mirror 5 in the 

w direction parallel to the rotation axis of the reflection mirror of the polygon mirror 5 to have a different distance. Also, the 
laser beams LM and LC are asymmetrically guided to the respective reflection surfaces of the polygon mirror 5 to sand- 
wich the surface, which is parallel to the rotation axis of the reflection surface of the polygon mirror and includes the 
center of the reflection surface in the sub-scanning direction, that is, the surface, which includes the optical axis. The 
distance between the respective laser beams on the respective reflection surfaces of the polygon mirror 5 is as follows. 

75 More specifically, the distance between LY and LM: 3.20 mm, the distance between LM and LC: 2.70 mm, and the 
distance between LC and LB: 2.30 mm. 

FIG. 5 relates to the optical members arranged between the polygon mirror 5 and each photosensitive drum 58, 
that is, image surface. FIG. 5 shows a state in the sub-scanning direction at the position where the deflection angle of 
the polygon mirror 5 is 0°. 

20 As shown in FIG. 5, between the second image forming lens 30b of the post-deflection optical system and the 
image surface, there are arranged first mirrors 33 (Y, M, C, B), which bend 2x8 laser beams L (Y, M, C, B) passed 
through the lens 30b, second and third mirrors 35 (Y, M and C), and 37 (Y, M and C), which further bend the laser beams 
L (Y, M and C) bent by the first mirrors 33. As is obvious from FIG. 5, the laser beam LB corresponding to B image (black 
image) is bent by the first mirror 33B, and guided to the image surface without reflected by the other mirrors. 

25 The first and second image forming lenses 30a and 30b, the first mirrors 33 (Y, M, C, B), and the second mirrors 35 
(Y, M and C) are fixed to fixing members (not shown), which are integrally formed in an intermediate base 1 a of the laser 
exposer unit 1 , with adhesive. 

Also, the third mirrors 37 (Y, M and C) are arranged to be movable to at least one direction with respect to the direc- 
tion perpendicular to the mirror surface through a fixing rib and an inclination adjusting mechanism (to be described 

30 later with reference to FIG. 10). 

At a portion among the third mirrors 37 (Y, M and C), the first mirror 33B and the image surface, and a position 
where eight (2 x 4) laser beams L (Y, M, C, B) reflected on the mirrors 33B, 37Y, 37M, and 37C are output from the laser 
exposer unit 1 , there are arranged dust-proof glasses 39 (Y, M, C, B) for preventing dust from being entered the inferior 
of the laser exposer unit 1 . 

35 The following will specifically explain the optical characteristic provided between the hybrid cylinder lens 1 1 and the 

post-deflection optical system 21. 

Regarding the post-deflection optical system 21, that is, the first and second image forming lenses 30a and 30b, 

these lenses are formed of plastic such as PMM A. Due to this, for example, it is known that a refractive index n is varied 

from 1.4876 to 1.4789 when the peripheral temperature is varied between 0 to 50°C. In this case, the image forming 
40 position of the sub-scanning direction is varied about ±12 mm when the laser beam, which is passed through the first 

and second image forming lenses 30a and 30b, is actually condensed on the image forming surface. 

In order to reduce the above variation, the lenses having the same material as lenses used in the post-deflection 

optical system 21 are incorporated into the preelection optical system 7 in a state that the curvature is suitably set. 

Thereby, the variation of the image forming position, which is caused by the change of the refractive index n due to the 
45 temperature change, can be reduced to about ±0.5 mm. Due to this, as compared with the conventional optical system 

in which the pre-deflection optical system 7 is formed of glass lenses and the post-deflection optical system 21 is 

formed of plastic lenses, it is possible to correct the color aberration of the sub-scanning direction, which is caused by 

the variation of the refractive index due to the temperature change of the lenses of the post-deflection optical system 21 . 
FIG. 6 is a view of the optical path to show the relationship between the first to fourth synthesized laser beams L 
so (Y, M, C, B), which are passed through the portion between the polygon mirror 5 and the image surface, and the optical 

axis of the system of the optical exposer unit 1 in the sub-scanning direction. 

As shown in FIG. 6, the first to fourth synthesized laser beams L (Y, M, C, B), which are reflected by the reflection 

surface of the polygon mirror 5, cross the optical axis in the sub-scanning direction at the portion between the first 

image forming lens 30a and the second image form lens 30b, and are guided to the image surface. 
55 FIG. 7 shows the details of the arrangement of the laser elements used in the pre-deflection optical optical system 

of FIG. 2. 

As already explained in FIG. 2, the first to fourth light sources 3 (Y M, C, B) have a pair of the first and second yel- 
low lasers 3Ya and 3Yb, a pair of the first and second magenta lasers 3Ma and 3Mb, a pair of the first and second cyan 
lasers 3Ca and 3Cb, and a pair of the first and second black lasers 3Ba and 3Bb. These lasers are arranged to have a 



15 



EP0 735 742 A2 



predetermined distance corresponding to the beam distance between the respective lasers and the image surface in 
the sub-scanning direction. The respective laser beams paired to correspond to the respective color components are 
arranged to be four-layered in a state seeing from the sub-scanning direction. 

FIGS. 8A and 8B show the laser synthesizing mirror unit 1 3 for guiding eight (2 x 4) laser beams, that is, the first to 
s fourth laser beams L (Y M, C, B), serving as one flux of the laser beam, to the respective reflection surfaces of the pol- 
ygon mirror unit 5. 

More specifically the laser synthesizing mirror unit 13 comprises first to third mirrors 13M, 13C, 13B whose number 
is smaller than the number of image formable color components by one. first to third mirror holding sections 13a, 13p, 
13y, and a base 13a for supporting the mirror holding sections 13a, 13p, 13y. The base 13a and the mirror holding sec- 
10 tions 1 3a, 1 3p, 1 3y are integrally formed of, for example, an aluminum alloy, and have low coefficient of thermal expan- 
sion, respectively. 

As already explained, the laser beams LY emitted from the first and second yellow lasers 3Ya and 3Yb are directly 
guided to the respective reflection surfaces of the polygon mirror 5. In this case, the laser beams LY are passed through 
the base 13a side rather than the optical axis, that is, the portion between the mirror 13M fixed to the first holding see- 
rs tion 1 3a and the base 1 3a. 

The following will explain intensity (amount of light) of the respective laser beams LM, LC, LB, which are reflected 
by the respective mirrors 1 3M, 1 3C, 1 3B to be guided to the polygon mirror 5, and that of the the laser beams LY directly 
guided to the polygon mirror 5. 

According to the laser synthesizing mirror unit 13 of FIGS. 8A and 8B, the laser beams LM, LC. and LB are bent by 
20 the normal mirrors (13M, 13C. 13B) at an area where the respective laser beams LM, LC LB are separated in the sub- 
scanning direction before being made incident onto the respective reflection surfaces. Therefore, the amount of light of 
each of the laser beams L (M, C, B), which are reflected by the respective reflection surfaces (13M, 13C. 13B) to be 
supplied to the polygon mirror body 5a, can be maintained to be about 90% or more of the amount of the beams emitted 
light from the finite focal lens 9. Whereby, the output of each laser can be reduced. Also, since aberration of the beams, 
25 which is caused by the inclined parallel plate, is not generated, aberration of the beams reaching the image surface can 
be equally corrected, thereby making it possible to reduce the beam spot and lead to high precision. 

It is noted that the laser beams LY emitted from the laser element 3Y corresponding to Y (yellow) is directly guided 
to the respective reflection surfaces of the polygon mirror 5 regardless of any mirrors 13. Due to this, the output capac- 
itance of the laser can be reduced, and there can be removed the error of the incident angle onto the reflection surfaces 
30 of the polygon mirror 5a, which is caused when the other laser beams are reflected by the mirrors 1 3. 

With reference to FIGS. 2 and 5. the following will explain the relationship among the laser beams L (Y, M, C, B), 
which are reflected by the polygon mirror body 5a, the inclination of the respective laser beams L (Y, M, C. B), which 
are passed through the post-deflection optical system 21 and emitted to the exterior of the optical exposer unit 1, and 
mirrors 33B, 37Y, 37M, 37C. 

35 As explained above, the respective laser beams L (Y f M, C, B) to which the predetermined aberration characteris- 
tics are provided through the first and second lenses 30a and 30b after being reflected by the polygon mirror body 5a, 
are bent in a predetermined direction through the first mirrors 33 (Y, M, C, B). 

At this time, the laser beam LB is reflected by the first mirror 33B, and passed through the dustproof glass 39B to 
be guided to the photosensitive member 58. The other laser beams L (Y, M and C) are guided to the second mirrors 35 

40 (Y, M and C), respectively, and reflected toward the third mirrors 37 (Y, M and C) by the second mirrors 35 (Y, M and C). 
Further, the respective laser beams L (Y, M and C) are reflected by the third mirrors 37 (Y, M and C). Thereafter, the 
respective laser beams are image-formed on the photosensitive member 58 to have substantially an equal interval 
through the dustproof glasses 38 (Y, M and C). In this case, the laser beam LB emitted from the mirror 33B and the laser 
beam LC adjacent to the laser beam LB are also image-formed on the photosensitive member 58 to have substantially 

45 an equal interval. 

After the laser beam LB is reflected by only the polygon mirror body 5a and the mirror 33B, and guided to the pho- 
tosensitive drum 58. In other words, the laser beam LB, which is guided by substantially only one mirror 33B, can be 
can be ensured. 

In a case where a plurality of mirrors is presented in the optical path, the laser beam LB is useful as a reference 
so beam of light in relatively correcting the other laser beams in connection with the variation of the aberration character- 
istics of the image-formed surface a position error of a line of the main-scanning direction and inclination of the line, 
which is increased (multiplied) in accordance with the number of the mirrors, and the tilt of the main-scanning direction. 

In the case where the plurality of mirrors is presented in the optical path, the number of the mirrors relating to the 
respective laser beams after deflection is preferably set to be an odd number or an even number. In other words, as 
55 shown in FIG. 5, the number of the mirrors after deflection relating to the laser beam LB is one (odd number) excepting 
the polygon mirror body 5a of the polygon mirror 5, and the number of the mirrors relating to each of the laser beams 
LC. LM, and LY is three (odd number). It is assumed that the second mirror 35 relating to any one of the laser beams is 
omitted. The direction of the curve of the main-scanning line, which is caused by the inclination of the lens of the laser 
beam (even number) passing through the optical path where the second mirror 35 is omitted, is opposite to the direction 
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of the curve of the main-scanning line, which is caused by the inclination of the other laser beams (odd number). As a 
result, there occurs the problem of the color shift in which the overlapped colors to be emitted are not the same as a 
predetermined color to be reproduced. 

Therefore, the number of the mirrors provided in the optical path of each of the laser beams L (Y, M, C, B) is set to 
5 be substantially the odd or even number in overlapping eight (4 x 2) laser beams L (Y, M, C, B) to reproduce a prede- 
termined color. 

FIG. 9 specifically shows a mirror for a horizontal syn for guiding the respective beams L (Y, M, C. B), which are 
passed through the optical path of FIG. 2 and deflected to the only one horizontal synchronization detector 23. by only 
one mirror unit 25. 

10 According to FIG. 9, the mirror 25 has first to fourth mirror surfaces 25Y, 25M, 25C, and 25B, and a mirror block 
25a. The first to fourth mirror surfaces 25Y, 25M, 25C, and 25B are formed at a different angle to both the main-scan- 
ning direction and the sub-scanning direction in order to reflect the respective laser beams L (Y, M, C, B) in the main- 
scanning direction to reach the detector 23 at a different timing, and to provide substantially the same level (height) on 
the detector 23 in the sub-scanning direction. The mirror block 25a holds the mirror surfaces 25Y, 25M, 25C, and 25B 

75 as one unit. 

The mirror block 25a is formed of, for example, polycarbonate containing glass. The respective mirror surfaces 25Y, 
25M, 25C, and 25B of the mirror block 25a are formed to be as one unit at a predetermined angle. Or, metallic material 
such as aluminum is deposited on portions cut from the mirror block 25a. The mirror surfaces are shaped to be removed 
from the mold without providing an under-cut at the portions corresponding to the mirror surfaces. 

20 As mentioned above, the respective laser beams LY, LM, LC and LB, which are deflected by the polygon mirror 5 f 
can be made incident onto one detector 23. In addition, there can be solved the problem of sensitivity of each detector 
and the shift of the horizontal syn signal, which are caused in the unit having the plurality of detectors. It is needless to 
say that the laser beams are made incident onto the detector 23 eight times per one line of the main-scanning direction 
by use of the mirror block 25. 

25 FIG. 10 is a schematic perspective view showing a support mechanism of the third mirrors 37 (Y, M, C). 

In FIG. 10, each of the third mirrors 37 (Y, M f C) is supported at a predetermined position of the intermediate base 
1a of the laser exposer unit 1 by each of fixing sections 41 (Y, M, C), which are formed to be integral with the interme- 
diate base 1 a, and each of mirror holding plate springs 43 (Y, M , C). which are opposite to the fixing sections 41 to sand- 
wich the corresponding mirror. 

30 The fixing sections 41 (Y, M, C) are formed to be paired with each other at both end portions in the longitudinal 
direction of each of the mirrors (Y, M, C). On one of the pair of the fixing sections 41 , there are formed two projections 
45 for holding the mirrors 37 at two points. As shown by a dotted line of FIG. 10. ribs 46 may be used instead of two 
projections 45. On the other pair of the fixing sections 41 , there are provided setscrew 47 to movably support the mirrors 
by the projections along the optical axis. 

35 The setscrew 47 move back and forth, thereby the mirrors 37 are moved in the direction of the optical axis in a state 
that the axis line defined by the projections 45 is used as a fulcrum. According to the above method, the inclination of 
the scanning direction, which is the inclination of the main-scanning line, can be adjusted. However, the shift of the par- 
allel distance (the pitch) of the sub-scanning direction cannot be corrected. 

The above problem can be solved by the change of a vertical write timing (to be described later) with reference to 

40 FIGS. 11 to 14. 

FIG. 1 1 is a schematic perspective view showing a portion in the vicinity of the transfer belt of the image forming 
apparatus of FIG. 1 in order to explain a resist correction mode. As already explained, the resist sensors 78 and 80 are 
arranged to have a predetermined distance in the width direction of the transfer belt 52, that is, the main-scanning direc- 
tion H. A line (imaginary line) connecting the center of the resist sensor 78 to the center of the resist sensor 80 is 

45 defined to be substantially parallel to the axial line of each of the photosensitive drums (Y, M, C, B) of each of the image 
forming sections 50 (Y, M, C, and B). The above connection line is preferably defined to be correctly parallel to the pho- 
tosensitive drum 58B of the image forming section SOB. 

FIG. 12 is a schematic cross sectional view showing the resist sensors 78 and 80 (resist sensor 78 is shown as a 
typical example since both sensors are substantially the same). 

so The sensor 78 (or 80) includes a housing 78a (80a), a light source 78b (or 80b) for a reference light, a convex lens 
78c (or 80c), and a photosensor 78d (or 80d). The light source 78b (or 80b) is provided at a predetermined position of 
the housing 78a (or 80a) to provide irradiation of light including a predetermined wavelength, at least about 450, 550, 
and 600 nm, in the image on the transfer belt 52. The convex lens 78c (or 80c) focuses the light generated from the light 
source 78b (or 80b) on the image formed on the transfer belt 52, and image-forms light on the photosensor 78d (or 

55 80d). The photosensor 78d (80d) detects the reflected light from the image focused by the convex lens 78c (or 80c) to 
be converted to an electric signal. 

As shown in FIG. 13, the photosensor 78d (or 80d) has an area division type pin diode having first and second light 
detection areas 78A and 78B (or 80A and 80B) divided along the main-scanning direction H perpendicular to the sub- 
scanning direction V. Each of the wavelengths, 450, 550, and 600 nm required in the light source 78b (or 80b) is a peak 
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wavelength of an absorption spectrum distribution of each toner of Y (Yellow), M (Magenta), C (Cyan), and B (Black) so 
as to be ensured to maintain sensitivity of detection against each other. The lateral magnification of the convex lens 78c 
(80c) is -1. 

FIGS. 13A and 13B are schematic views showing the principle in which the position of the image can be detected 
5 by the resist sensors 78 and 80. 

In FIG. 13A, the photosensor 78d of the resist 78 is provided to conform a boundary section 78C between the first 
and second detection areas 78A and 78B to a reference position Ho relating to the main-scanning direction H of the 
image formed on the transfer belt 52. Similarly, the photosensor 80d of the resist sensor 80 is provided to conform a 
boundary section 80C between a reference position Ho' relating to the main-scanning direction H of the image formed 
10 on the transfer belt 52. The images are passed through the sensor in order of B, C, M, and Y (image Y is omitted). 

In FIG. 13B, the lateral magnification of the convex lens 78c (or 80c) is -1. Due to this, the output voltage, which is 
output from the respective pin diodes 78A (80A) and 78B (80B) on the opposite side of the design center Ho (Hd) of the 
main-scanning direction where the direction of the the design center Ho and that of the image shift are reversed. In 
other words, the output of the image shift detected through pin diode is reversed against the design center Ho. 
is For example, since the image B is substantially linearly symmetrical to the reference position Ho (Hd) of the main- 
scanning direction, the outputs from the corresponding pin diodes 78A (80A) and 78B (80B) are substantially the same. 

On the other hand, since the image C is shifted to the side of the area B at the center of the reference position Ho 
(Hd) of the main-scanning direction, the outputs from the corresponding pin diodes 78A (80A) and 78B (80B) become 
A < B. 

20 The sum of the outputs of the pin diodes corresponding to the images B and C, that is, A + B, and the difference, 
that is, A - B are obtained. Then, resultant value of A + B is thresholded by a predetermined threshold level TH and the 
minimum of maximum amount of A - B is measured. Thereby, the certain position of the sub-scanning direction V and 
the center of the main-scanning direction H of the respective images B and C can be detected. In other words, by 
detecting the position (e.g, TB, TC) where the sum (A + B) of the outputs of the pin diode exceeds the threshold level 

25 TH, the certain position of the sub-scanning direction V of the corresponding image can be detected. Also, by detecting 
the value of level Ps of the difference (A - B) of the outputs, the center of the main-scanning direction H of the corre- 
sponding image can be detected. 

FIG. 14 is a schematic block diagram of the image control section for controlling an image forming operation of the 
image forming apparatus of FIG. 1 . 

30 The image forming section 1 10 has a plurality of control units such as an image control CPU 1 1 1, a timing control 
section 113, data control sections 1 15Y 1 15M, 1 15C, and 1 15B corresponding to the respective color separated com- 
ponents. 

The image control CPU 1 1 1, the timing control section 1 13, and data control sections 1 15 are mutually connected 

to each other through a bus line 112. 
35 A main control unit 101 is connected to the image control CPU 1 1 1 . The main control unit 101 controls an operation 

of the mechanical elements of the image forming unit 100 such as a motor or a roller through the bus line 1 1 2. Also, the 

main control unit 101 controls a voltage value or an amount of current to be applied to the electrical elements such as 

the charge units 60, the develop units 62, or the transfer units 64. 

A ROM (read only memory), a RAM 102 (random access memory), and a nonvolatile memory 103 are connected 
40 the main control unit 101 . The ROM stores initial data for operating the unit 100 or a test pattern (not shown). The RAM 

102 temporarily stores input image data or compensation data calculated in accordance with the outputs of the resist 

sensors 78 and 80. The nonvolatile memory 103 stores various compensation data obtained by an adjusting mode to 

be described later. 

The timing control section 1 1 3 includes image memories 1 1 4 (Y, M, C, B) f laser device sections 1 1 6 (Y, M, C, B), a 
45 resist compensation calculation unit 1 17, a timing setting unit 1 18, and voltage controlled oscillators (VCO) 1 19 (Y, M, 
C, B). 

The image memories 1 14 store image data of the respective color separated components. 

The laser drive sections 116 drive lasers 3 (Y, M, C, B) to provide irradiation of the laser beams to the respective 
photosensitive members 58 based on the respective image data stored in the image memories 114. 
so The resist compensation calculation unit 1 1 7 calculates an amount of compensation of timing for writing the image 
from the laser beams L (Y, M, C, B) based on the outputs of the first and second resist sensors 78 and 80. 

The timing setting unit 1 18 defines timing for operating the respective mechanical elements of the respective image 
forming units 50 and the lasers 3 of the laser exposer unit 1 . 

The voltage controlled oscillators 1 1 9 correct an error of a length of a scanning line, which is peculiar to the respec- 
55 tive image forming units 50, and a shift caused by each optical path of the laser exposer unit 1 . 

The timing control section 113 is a microprocessor including the RAM section for storing compensation data 
therein. The timing control section 113 is used in, for example, ASIC (Application Specific Integrated Circuit) based on 
the individual specification. 
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The respective data control sections 115 are microprocessors including a plurality of latch circuits and OR gates. 
The data control sections 1 15 are also used in, for example, ASIC. 

The resist compensation calculation unit 1 17 is a microprocessor including at least four pairs of comparators and 
OR gate. Also, the resist compensation calculation unit 1 17 is used in, for example. ASIC. 
s The VOCs 119 are oscillators, which can vary a frequency to be output in accordance with the voltage to be 
applied. The VOCs 1 19 have a frequency variable range of about ±3%. As this type of oscillators, a harmonic oscillator, 
an LC oscillator, or a simulated reactance variable LC oscillator can be used. Moreover, as VOC 1 1 9, there is known a 
circuit device in which a converter for converting an output waveform from a sine wave to a rectangular wave is incor- 
porated. 

10 In the respective memories 114, image data, which is sent from an outer storage unit (not shown) or a host com- 
puter, is stored. 

Moreover, the output of the horizontal synchronization detector 23 of the laser exposer unit 1 is converted to a hor- 
izontal synchronization signal H-syn through a horizontal synchronization signal generator 121 , and input to the timing 
control section 113 and respective data control sections 115. 

75 The following will explain an operation of the image forming unit 100 with reference to FIGS. 1 and 14. 

The image forming 100 can be operated in two modes, that is, an image forming (normal) mode for forming an 
image on paper P transferred through the transfer belt 52. and a resist compensation (adjustment) mode for directly 
forming an image on the transfer belt 52. 

The following will explain the resist compensation (adjustment) mode. 

20 FIG. 1 1 is a perspective view showing a cut portion in the vicinity of the transfer belt of the image forming unit shown 
in FIG. 1 to explain the resist compensation mode. As already explained, the resist sensors 78 and 80 are arranged to 
have a predetermined interval in the width direction of the transfer belt 52, that is, the main-scanning direction H. A line 
(imaginary line) connecting to the mutual center of the resist sensors 78 and 80 is defined to be substantially parallel to 
the axial line of the respective photosensitive members 58. Preferably, the line connecting to the center of the resist sen- 

25 sors 78 and 80 is provided to be correctly parallel to the photosensitive member 58B of the image forming unit SOB. 

The belt drive roller 56 is rotated in the direction of an arrow, thereby the transfer belt 52 is moved to the direction 
where an area 52a is directed from the roller 54 to the roller 56 (hereinafter this direction called "sub-scanning direction 
V"). In the resist compensation mode, two pairs of test modes 178 (Y, M, C, B) and test modes 180 (Y, M, C, B) are 
formed on the transfer belt 52 to have a predetermined distance in a direction perpendicular to the main-scanning direc- 

30 tion H, that is, a sub-scanning direction V. The test images 178 and 180 are formed to correspond to image data for 
resist adjustment, which is stored in ROM in advance. The test images 178 and 180 are moved along the sub-scanning 
direction V in accordance with the movement of the transfer belt 52. and passed through the resist sensors 78 and 80. 
As a result, a shift between the test images 178 and 180 and the resistor sensors 78 and 80 can be detected. In the 
resist compensation mode, the roller 72 for feeding paper P from the cassette 70 and the fixing unit 80 are maintained 

35 to be stopped. 

More specifically, the first to fourth image forming units 50 (Y, M, C, B) are driven by the control of the main control 
unit 101 , a predetermined voltage is applied onto the surface of each of the photosensitive members 58 of each of the 
image forming units 50. At the same time, the polygon mirror 5a of the polygon mirror unit 5 of the laser exposer unit 1 
is rotated at a predetermined speed by the control of the image control CPU 1 1 1 of the image control section 1 10. 

40 Sequentially, image data, which corresponds to the test image fetched from ROM, is fetched to the respective 
image memories 1 1 4 by the control of the image control CPU 111. Thereafter, a vertical synchronization signal V-syn 
is output from the timing control section 113 based on timing data, which is set by the timing setting unit 118, and resist 
compensation data, which is stored in the initial RAM of the timing control section 1 1 3. In a case where resist compen- 
sation data is not stored in the internal RAM, initial data stored in the ROM is used. 

45 The vertical synchronization signal V-syn, which is output from the timing control section 1 13, is supplied to the 
respective data control sections 115. 

The corresponding lasers 3 are operated by the corresponding laser drive sections 116, which are based on the 
vertical synchronization signal V-syn, and the laser beams L emitted from the lasers 3 are detected by the horizontal 
synchronization detector 23. Then, a predetermined clock numbers of the VCO 1 19 (initial data stored in the ROM is 

so used till the output is input from the resist sensors 78 and 80) is counted after the horizontal signal H-syn is counted 
after the horizontal synchronization signal H-syn is output from the horizontal synchronization signal generator 121. At 
this time, oscillation frequency data, which is initial data stored in the ROM, is supplied to the respective VCOs 119. 
After counting the predetermined clock, image data stored in the image memories 1 1 4 is output by a predetermined tim- 
ing. 

55 Thereafter, by the control of the respective data control sections 1 15, a laser drive signal corresponding to image 
data is output to the respective lasers from the respective laser drive sections 116. Then, the laser beams L, which are 
intensity-modulated, are output from the respective lasers 3 based on image data. Therefore, the electrostatic latent 
image, which corresponds to test image data, is formed on the respective photosensitive members 58 of the respective 
image forming units 50 in which the predetermined voltage is set. By use of the respective developing units 62, the elec- 
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trostatic latent image is developed with toner to which the corresponding color is provided, and converted to the toner 
image, which is paired of four colors. 

Two test images, each which is paired of four colors Y, M, C. B) and formed on the respective photosensitive mem- 
bers 58, are transferred onto the transfer belt 52 through the transfer units 64, and delivered to the resist sensors 78 
5 and 80. When two test toner images are passed through the resist sensors 78 and 80, the resist sensors 78 and 80 
output a predetermined output, which corresponds to the relative position of the respective test toner images wherein 
the positions of the resist sensors 78 and 80 are set as a reference position, that is, the shift of the test toner images. 
The test toner images formed on the transfer belt 52 are further transferred with the rotation of the transfer belt 52, and 
removed by the belt cleaner 82. 
w The respective outputs from the resist sensors 78 and 80 are input to the resist compensation calculation unit 117 
to be used in the calculation of the shift of the respective test toner images. 

The resist compensation calculation unit 117 detects the shift of the position of each pair of test toner images of 
each color, that is, 178Y and 180Y, 178M, and 180M, 178C, and 180C, and 178B and 180B formed to be separated by 
a predetermined distance in the sub-scanning direction. After the detection, the unit 1 17 calculates of each of the aver- 
15 age value, and defines an amount of compensation Vr of timing to output the vertical synchronization signal V-syn 
based on the difference between the calculated average value and the predetermined design value. Whereby, the shift, 
which is caused by the overlap of four images, in the sub-scanning direction is removed. In other words, the light-emit- 
ting timing of the respective lasers 3 of the exposer unit 1 is adjusted. In other words, the shift, which is caused when 
the distances between the respective image forming units 50 are different from each other, are removed. Then, there is 
20 removed the shift between the respective laser beams L emitted from the laser exposer 1 in connection with the dis- 
tance in the sub-scanning direction. 

Moreover, the resist compensation calculation unit 117 detects the shift of the position of each of the test toner 
images 178 (Y, M, C, B) in the main-scanning direction. After the detection, the unit 117 calculates the average value, 
and defines an amount of compensation Hr of timing to output image data after the output of the horizontal synchroni- 
es zation signal H-syn based on the difference between the calculated average value and the predetermined design value. 
Whereby, there is adjusted timing in which the laser beams L, which are emitted from the respective lasers 3 of the laser 
exposer unit 1 , are intensity-modulated by image data. In other words, the writing position of image data to be recorded 
onto the respective photosensitive members 58 of the respective image forming units 50 is adjusted in the main-scan- 
ning direction. 

30 Furthermore, the resist compensation calculation unit 1 17 detects the variation of the distance of each pair of test 
toner images of each colors of each other, that is, 178Y and 180Y, 178M and 180M, 178C and 180C, and 178B and 
180B in the main-scanning direction. After the detection, the unit 117 calculates the average value, and defines an 
amount of compensation Fr of the oscillation frequency to be output from VOCs 119 based on the difference between 
the calculated average value and the predetermined design value. 

35 Whereby, the length of the respective laser beams in the main-scanning direction per one clock, that is, the length 
of one line in the main-scanning direction to be image-formed on the respective photosensitive members 58, is 
adjusted. 

The above amounts of compensation Vr, Hr, and Fr, which are obtained by the resist compensation calculation unit 
117, are temporarily stored in the RAM of the timing control section 1 13. In this case, Vr, Hr, and Fr may be stored in 

40 the nonvolatile RAM 103. Moreover, these compensation operations are executed by the predetermined timing such as 
time when the compensation mode is selected by a control panel (not shown), time when a power supply switch (not 
shown) of the image forming unit 100 is turned on, or time when a certain number of papers to be printed, which is 
counted by a counter (not shown), reaches a predetermined number of papers. 
The following will explain the image forming mode. 

45 An image forming start signal is supplied by a control panel (not shown) or a host computer, so that the respective 
image forming units 50 are wormed up by the control of the main control unit 101 , and the polygon mirror 5a of the pol- 
ygon mirror unit 5 is rotated at a predetermined rotation speed by the control of the image control CPU 111. 

Sequentially, image data to be printed is fetched to the RAM 102 from the outer memory unit, the host computer, 
or the scanner (image reading unit). A part (or all) of image data fetched into the RAM 1 02 is stored in each image mem- 

so ories 1 14 by the control of the image control CPU 1 1 1 of the image control unit 110. Moreover, the feeding roller 72 is 
driven by the control of the main control unit 101 in a state that a predetermined timing such a vertical synchronization 
signal v-syn is used as a reference, thereby one paper p is picked up from the paper cassette 70. Then, the respective 
toner images Y, M, C, and B, which are provided by the image forming units 50, and the timing are adjusted by the resist 
roller 74. The picked up paper P is adhered to the transfer belt 52 by the absorption roller 76, and guided to the respec- 

55 tive image forming units 50 in accordance with the rotation of the transfer belt 52. 

On the other hand, at the same time with the paper feeding and transferring operations, the vertical synchronization 
signal V-syn is outputted from the timing control unit 1 13 based on data set by the timing setting unit 1 18, resist data 
read from the internal RAM of the timing control unit 1 13, and clock data. 
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When the vertical synchronization signal V-syn is output from the timing control unit 1 13, the respective laser drive 
units 116 are driven by the respective data control units 1 1 5. Then, irradiation of each of the laser beams for one line in 
the main-scanning direction is provided to the respective photosensitive members 58 of the respective image forming 
units 50 form the respective lasers 3. 

5 The number of clocks of the respective VCOs 1 19 is counted just after the input of the horizontal synchronization 
signal H-syn, respectively, which is generated by the horizontal synchronization signal generator 121, based on the 
laser beam for one line. When the number of clocks of the respective VCOs 1 19 reaches a predetermined value, image 
data to be printed read from the respective image memories 114. Sequentially, in order to intensity-modulate the 
respective laser beams from the respective lasers 3, image data is transferred to the respective laser drive units 1 16 by 

io the control of the respective control units 1 1 5, so that an image having no shift is formed on the respective photosensi- 
tive members 58 of the respective image forming units 50. 

As a result, the respective laser beams, which are guided to the respective photosensitive members 58, are cor- 
rectly image-formed on the respective photosensitive members 58. At this time, no influence of the deviation of the opti- 
cal path, which is form the respective lasers 3 to the respective photosensitive members 58, is exerted on the above 

15 image formation. Moreover, the above image formation is not influenced by the variation of the position of each photo- 
sensitive member 58, which is caused by the deviation of the diameter of the respective photosensitive members 58. 

Each of the photosensitive members 58 is charged to a predetermined potential, and the potential is changed 
based on image data, whereby an electrostatic latent image corresponding to image data is formed on each of the pho- 
tosensitive members 58. Each of the developing units 62 develops the electrostatic latent image with toner having a cor- 

20 responding color to be converted to an toner image. 

Each toner image is moved to paper P, which is delivered by the transfer belt 52, with the rotation of each of the 
photosensitive member 58, and transferred onto paper P on the transfer belt 52 at a predetermined timing by the trans- 
fer unit 64. 

Whereby, the toner image in which four colors are correctly positioned on photosensitive member 58 is transferred 
25 on paper R After the toner image is transferred onto paper P, the residual toner and the residual voltage, which are left 
on the respective photosensitive members 58, are removed by the respective cleaners 66 and the respective discharge 
lamps 68 to be used in the sequential image formation. 

Paper P in which the four-colored toner image is electrostatically maintained is further transferred with the rotation 
of the transfer belt 52, and separated from the transfer belt 52 by the difference between the curvature of the belt drive 
30 roller 56 and linearity of paper P to be guided to the fixing unit 84. Paper P guided to the fixing unit 84 is discharged to 
a discharge tray (not shown) after toner is melted and the toner image as a color image is fixed by the fixing unit 84. 

On the other hand, the transfer belt 52 in which paper P is already supplied to the fixing unit 84 is further rotated. 
As a result, undesired toner left on the surface is removed by the belt cleaner 82, and the transfer belt 52 is used in the 
transfer of paper P to be supplied from the cassette 70. 
35 The following will specifically explain the post<Jef lection optical system between the polygon mirror 5 and the mirror 
surface. 

FIGS. 15 to 50 and Tables 2 to 6 show various optical characteristics and lens data on the first surface (incident 
surface) of the first image forming lens 30a of the post-deflection optical system, the second surface (emission surface) 
of the first image forming lens 30a of the post-deflection optical system, the first surface (incident surface) of the second 
40 image forming lens 30b of the post-deflection optical system (lens surface No. "3" in Table 5), the second surface (emis- 
sion surface) of the second image forming lens 30b of the post-deflection optical system (lens surface No. "4 W in Table 
6). 
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Table 2 

Beam advances from + to - due to reflection here 
Lens Data of Post-deflection Optical System 



post-deflection 
optical system 


absolute 




curvature 


coordinates 
thickness 


material 


others 


CUX 


CUY 


35 . 286 


air 


eccentricity 
in y direction 
-5.945 






- 7.975 


PMMA 


first surface 


- 88.026 


air 


second surface 


- 7.065 


PMMA 


third surface 


- 9.645 


air 


fourth surface 


plane 


plane 


- 2.000 


BK7 




plane 


plane 


-170.000 


air 




plane 


plane 





(coordinate system: right-hand system) lens shape: 



CUYy 2 + CUZz 2 2 E *mn.y m z 2n ... (1) 

g-^- n=0 m=0 

1+/ l-AYCUY 2 y 2 -AZCUZ 2 Z 2 
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In FIGS. 1 5 to 50, an axis x conforms to the direction of the optical axis of the post-deflection optical system, V is 
provided to the direction to the polygon mirror 5, and "-" is provided to the direction to the image surface. An axis y con- 
forms to the main-scanning direction, the direction of the beam deflected by the polygon mirror, that is, the direction 
where the polygon mirror body 5a is rotated is changed to V to 

On the other hand, an axis z is conforms to the sub-scanning direction. For example, the side where the laser beam 
LB shown in FIG. 4 is passed, that is, an upper side to the optical axis of the sub-scanning direction is shown by "+." 

In the conventional optical exposer unit, it has been known that three or more image forming lenses are needed in 
order to optimize the aberration characteristics such as the spherical aberration on the image forming surface, the 
comma aberration, the image surface curvature, or the multiplication error in the case where the toric lens is used. 

The following will explain the result of the simulation of the shapes of the incident surface and the emission surface 
of each of the first and second plastic lens 30a and 30b based on the polynomial shown in the equation (1) of Table 2. 

The spherical aberration, the comma aberration, the aberration of the image surface curvature, and the multiplica- 
tion error in the sub-scanning direction can be optimized from the terms from the terms n * 0 of A,™ and A mn * 0 of the 
equation (1). Also, various aberration characteristics in the main-scanning direction can be optimized from the terms 
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from the terms m * 0 of A mn and A mn * 0 of the equation (1). According to the result of the simulation of the shapes of 
the incident surface and the emission surface of each of the first and second plastic lens 30a and 30b, the following 
points can be confirmed. 

More specifically, in a case where one lens surface of the lens surface No. 1 to 4 includes the terms n * 0 of A mn 
5 and Amn * 0 of the equation (1) (that is, no specific rotation symmetrical axis is included), the comma aberration and 
the spherical aberration are not sufficiently corrected, and the diameter of the cross section beam spot on the image 
surface is about 100 jim. Also, in a case where two or more lens surfaces, which include the terms n * 0 of A mn and 
A mn * 0. are arranged, the diameter of the cross section beam spot on the image surface can be reduced to about 40 
jutm. 

w Regarding the lens surfaces of each lens, if the total number of A mn (content of term of S) shown in the equation 
(1), it can be confirmed that various aberration characteristics in the main-scanning and sub-scanning directions in the 
condition that A mm * 0, m £ 1 1 and n s 2 where (m, n) = (0, 0), (2, 0), (0, 1) are excepted. 

FIGS. 15 to 22 show the shape characteristic of the incident surface of the first lens 30a, FIGS. 23 to 30 show the 
shape characteristic of the emission surface of the first lens 30a. Also, FIGS. 31 to 38 show the shape characteristic of 

is the incident surface of the second lens 30b, FIGS. 39 to 46 show the shape characteristic of the emission surface of the 
second lens 30b. 

The shape of the lens is formed to be asymmetrical, excepting to one surface. In this case, only the surface, which 
satisfies an equation Z = 0, is symmetrical surfaces and no other surface nor axis is symmetrical axis or surface. At least 
one of the incident surface of the first lens 30a, the emission surface of the first lens 30a, the incident surface of the 
20 second lens 30b, and the emission surface of the second lens 30b is defined to be the asymmetrical surface with out 
depending on the rotation symmetrical axis. 

FIG. 1 5 shows the shape of the first surface of the first image-forming lens 30a, that is, a light incident surface. As 
shown in FIG. 1 5, the first surface of the first image-forming lens 30a is formed to be asymmetrical to the optical axis (y 
= 0,z = 0). 

25 FIG. 1 6 shows a curvature of the first surface of the lens 30a of the sub-scanning direction at a cross point between 
a light scanning surface and a lens surface (that is, a plane, which includes an optical axis of the optical system and is 
expanded to the main-scanning direction). In other words, FIG. 1 6 shows the characteristic of the shape of the first sur- 
face of the first image-forming lens 30a of the sub-scanning direction shown in FIG. 15, that is, the first surface of the 
first image-forming lens 30a is formed to be asymmetrical to the optical axis (y = 0, z = 0). As is obvious from this figure 

30 and the equation of Table 2, the shape of first surface of the first image-forming lens 30a of each of the main-scanning 
direction and the sub-scanning direction can be independently set. Thereby, it is possible to sufficiently correct the 
curve of the main-scanning line, the beam diameter on the image surface (sub-scanning direction), and the position 
error of each of the tilts of the deflect surfaces of the polygon mirror 5 against the wide deflection angle. Moreover, due 
to combination with the other lenses, there can be obtained the optical system, which is not easily influenced by the 

35 change of the temperature and humidity. 

FIG. 1 7 shows a secondary differential value between the curvature of the sub-scanning direction and the coordi- 
nates of the main-scanning direction at the cross point between the light scanning surface and the lens surface. In other 
words, FIG. 1 7 shows that the change ratio of the curvature of the first surface of the lens 30a of the sub-scanning direc- 
tion (FIG. 15) is asymmetrically changed with respect to the point crossing the optical axis of the main-scanning direc- 

40 tion. 

FIG. 18 shows a differential value between the coordinates of the main-scanning direction and the coordinates of 
the direction of the optical axis at the cross point between the light scanning surface and the lens surface. In other 
words, the inclination changing direction of the lens surface of the main-scanning direction of the first surface (FIG. 15) 
is changed at a position other than the cross point. 

45 FIG. 1 8, it can be understood that a primary differential value between the main-scanning direction and the coordi- 
nates of the optical axis at the cross point between the light scanning surface and the lens surface has two extreme val- 
ues. Therefore, in a state that the characteristic of the sub-scanning direction (FIG. 16) is maintained, f9 characteristic 
of the main-scanning direction can be corrected without increasing the thickness of the lens against the wide deflection 
angle. Particularly, in the case of the plastic-formed lens, it takes much time to mold the lens and the manufacturing cost 

so is increased if the thickness of the lens becomes thick. 

FIG. 19 shows a curvature of the first surface of the lens 30a of the main-scanning direction at the cross point 
between the light scanning surface and the lens surface (that is, the plane, which includes the optical axis of the optical 
system and is expanded to the main-scanning direction). In other words, FIG. 1 9 shows the characteristic of the shape 
of the first surface of the lens 30a of the main-scanning direction shown in FIG. 15, that is, the first surface of the first 

55 image-forming lens 30a is formed to be asymmetrical to the optical axis (y = 0, z ■ 0). Also, the curvature of the lens 
surface of the main-scanning direction changes a sign in mid course of the main-scanning direction. Thereby, various 
characteristics of the lens surface of the main-scanning direction can be optimized against the wide deflection angle 
without increasing an absolute value of power of the lens surface in the main-scanning direction. It is well known that 
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aberration is easily generated as the absolute value of power of the lens surface becomes large. In order to avoid such 
a disadvantage, the above-mentioned point can improve the performance of the lens. 

FIG. 20 shows the shape of the first surface of the first image-forming lens 30a of the sub-scanning direction at 
each point of the main-scanning direction of the lens surface based the cross point between the light scanning surface 
5 and the lens surface (that is, the plane, which includes the optical axis of the optical system and is expanded to the 
main-scanning direction). In other words, FIG. 20 shows that the shape of the first surface (FIG. 1 5) is formed to be rota- 
tionally asymmetrical to the sub-scanning direction. 

FIG. 21 shows the shift of the shape of the first surface of the lens 30a of the sub-scanning direction based on an 
arc having curvature in a condition that the sub-scanning direction z = 0. In other words, FIG. 21 shows that the first 
w surface of the lens 30a is shaped such that in which at least the term of n is 2 or more in the equation (1), that is, 
A^Y™ • Z 2n to the sub-scanning direction. 

FIG. 22 shows an asymmetrical component to the surface expanding to the sub-scanning direction and including 
the optical axis with respect to the shape of the first surface of the lens 30a. 

In other words, FIGS. 21 and 22 show the first surface of the lens 30a includes no rotation symmetrical surface in 
75 the main-scanning direction and the sub-scanning direction. As shown in FIG. 21 , at least the term of m or n is 4 or more 
in the equation (1) of the sub-scanning direction is controlled independently of the shape of the line where the light 
scanning surface, which includes the optical axis and expands to the main-scanning direction, and the lens surface 
cross each other, and the curvature of the sub-scanning direction. Thereby, various aberration characteristics of the 
main-scanning direction and the sub-scanning direction can be satisfactorily set. 
20 FIG. 23 shows the shape of the second surface (light emission surface) of the first image-forming lens 30a. As 
shown in FIG. 23, the second surface of the first image-forming lens 30a is formed to be asymmetrical to the optical axis 
(y.z) = (0,0). 

FIG. 24 shows a curvature of the second surface of the lens 30a of the sub-scanning direction at a cross point 
between a light scanning surface and a lens surface (that is, a plane, which includes an optical axis of the optical system 
25 and is expanded to the main-scanning direction). 

FIG. 25 shows a secondary differential value between the curvature of the sub-scanning direction and the coordi- 
nates of the main-scanning direction at the cross point between the light scanning surface and the lens surface. 

FIG. 26 shows a differential value between the coordinates of the main-scanning direction and the coordinates of 
the direction of the optical axis at the cross point between the light scanning surface and the lens surface. 
30 FIG. 27 shows a curvature of the second surface of the lens 30a of the main-scanning direction at the cross point 
between the light scanning surface and the lens surface (that is, the plane, which includes the optical axis of the optical 
system and is expanded to the main-scanning direction). 

FIG. 28 shows the shape of the second surface of the first image-forming lens 30a of the sub-scanning direction at 
each point of the main-scanning direction of the lens surface based the cross point between the light scanning surface 
35 and the lens surface (that is, the plane, which includes the optical axis of the optical system and is expanded to the 
main-scanning direction). 

FIG. 29 shows the shift of the shape of the second surface of the lens 30a of the sub-scanning direction based on 
an arc having curvature in a condition that the sub-scanning direction z » 0. 

FIG. 30 shows an asymmetrical component to the surface expanding to the sub-scanning direction and including 
40 the optical axis with respect to the shape of the second surface of the lens 30a. 

FIG. 24 shows that the curvature of the lens surface of the sub-scanning direction changes a sign in mid course of 
the main-scanning direction. Thereby, various characteristics of the lens surface of the sub-scanning direction can be 
optimized against the wide deflection angle without increasing an absolute value of power of the lens surface in the sub- 
scanning direction. It is well known that aberration is easily generated as the absolute value of power of the lens surface 
45 becomes large. In order to avoid such a disadvantage, the above-mentioned point can improve the performance of the 
lens. 

FIG. 26 shows that a primary differential value between the main-scanning direction and the coordinates of the opti- 
cal axis at the cross point between the light scanning surface and the lens surface has two extreme values. Thereby, f8 
characteristic of the main-scanning direction can be corrected without increasing the thickness of the lens against the 

so wide deflection angle. Particularly, in the case of the plastic-formed lens, it takes much time to mold the lens and the 
manufacturing cost is increased if the thickness of the lens becomes thick. 

FIG. 27 shows that the curvature of the lens surface of the main-scanning direction changes a sign in mid course 
of the main-scanning direction. Thereby, various characteristics of the lens surface of the main-scanning direction can 
be optimized against the wide deflection angle without increasing an absolute value of power of the lens surface in the 

55 main-scanning direction. It is well known that aberration is easily generated as the absolute value of power of the lens 
surface becomes large. In order to avoid such a disadvantage, the above-mentioned point can improve the performance 
of the lens. 

FIG. 28 shows the shape of the lens surface of the sub-scanning direction when the coordinates of the cross point 
are set to 0. Moreover, the relative relationship between the peripheral section of the sub-scanning direction and the 
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optical section of the sub-scanning direction is reversed in mid course of the main-scanning direction. This point is 
largely helpful to improve the various characteristics of the sub-scanning direction over the large width of the sub-scan- 
ning direction. 

FIG. 29 shows the shift of the shape of the second surface of the lens 30a of the sub-scanning direction based on 
5 an arc having curvature in a condition that the sub-scanning direction z = 0. In other words, FIG. 29 shows that the sec- 
ond surface of the lens 30a is shaped such that in which at least the term of n is 2 or more in the equation (1), that is, 
A mn Y m »Z 2n to the sub-scanning direction. Thereby, the second surface of the lens 30a can be shaped such that the 
relative relationship between the peripheral section of the sub-scanning direction and the optical section of the sub- 
scanning direction is reversed in mid course of the main-scanning direction. 
10 As shown in FIGS. 23 to 30, similar to the first surface of the first image-forming lens 30a, the second surface is 
formed to be asymmetrical to the optical axis (y=0, z=0) in the main-scanning direction and the sub-scanning direction. 
The inclination of the curvature of the sub-scanning direction and that of the main-scanning direction are symmetrically 
changed with respect to the point crossing point with the optical axis of the main-scanning direction, and no rotation 
symmetrical surface is included in the main-scanning direction and the sub-scanning direction. Therefore, various char- 
ts acteristics of the lens surface of the main-scanning direction and the sub-scanning direction against the wide deflection 
angle can be set. 

From the above explanation, it can be understood that the both surfaces of the lens 30a have no rotation axis, and 
a primary differential value between the main-scanning direction and the coordinates of the optical axis at the cross 
point between the light scanning surface and the lens surface has two extreme values. 
20 FIG. 31 shows the shape of a first surface of the second image-forming lens 30b. As shown in FIG. 31 , the first sur- 
face of the second image-forming lens 30b is formed to be asymmetrical to the optical axis (y, z) = (0, 0). 

FIG. 32 shows a curvature of the first surface of the lens 30b in the sub-scanning direction at a cross point between 
a light scanning surface and a lens surface (that is, a plane, which includes an optical axis of the optical system and is 
expanded to the main-scanning direction). 
25 FIG. 33 shows a secondary differential value between the curvature of the sub-scanning direction and the coordi- 
nates of the main-scanning direction at the cross point between the light scanning surface and the lens surface. 

FIG. 34 shows a differential value between the coordinates of the main-scanning direction and the coordinates of 
the direction of the optical axis at the cross point between the light scanning surface and the lens surface. 

FIG. 35 shows a curvature of the first surface of the lens 30b of the main-scanning direction at the cross point 
30 between the light scanning surface and the lens surface (that is, the plane, which includes the optical axis of the optical 
system and is expanded to the main-scanning direction). 

FIG. 36 shows the shape of the first surface of the second image-forming lens 30b of the sub-scanning direction at 
each point of the main-scanning direction of the lens surface based the cross point between the light scanning surface 
and the lens surface (that is, the plane, which includes the optical axis of the optical system and is expanded to the 
35 main-scanning direction). 

FIG. 37 shows the shift of the shape of the first surface of the lens 30b of the sub-scanning direction based on an 
arc having curvature in a condition that the sub-scanning direction z = 0. 

FIG. 38 shows an asymmetrical component to the surface expanding to the sub-scanning direction and including 
the optical axis with respect to the shape of the first surface of the lens 30b. 
40 As shown in FIGS. 31 to 38, similar to the first surface of the first image-forming lens 30a, the first surface of the 
lens 30b is formed to be asymmetrical to the optical axis (y=0, z=0) in the main-scanning direction and the sub-scan- 
ning direction. The inclinations and the curvatures of the sub-scanning direction and the main-scanning direction are 
symmetrically changed with respect to the point crossing point with the optical axis of the main-scanning direction, and 
no rotation symmetrical surface is included in the main-scanning direction and the sub-scanning direction, respectively. 
45 Therefore, various characteristics of the lens surface of the main-scanning direction and the sub-scanning direction 
against the wide deflection angle can be set. 

FIG. 32 shows that the curvature of the lens surface of the sub-scanning direction changes a sign in mid course of 
the main-scanning direction (in the vicinity of y = 80). Thereby, various characteristics of the lens surface of the sub- 
scanning direction can be optimized against the wide deflection angle without increasing an absolute value of power of 
so the lens surface in the sub-scanning direction. It is well known that aberration is easily generated as the absolute value 
of power of the lens surface becomes large. In order to avoid such a disadvantage, the above-mentioned point can 
improve the performance of the lens. 

FIG. 34 shows that the inclination of the lens in the main-scanning direction changes a sign in mid course of the 
main-scanning direction. Thereby, the depth of the lens in the optical direction can be reduced, the manufacture of the 
55 die can be easier, and the warp of the lens generated in forming the lens can be controlled. 

FIG. 35 shows that the curvature of the lens of the main-scanning direction changes a sign in mid course of the 
main-scanning direction. Thereby, various characteristics of the lens surface of the main-scanning direction can be opti- 
mized against the wide deflection angle without increasing an absolute value of power of the lens surface in the main- 
scanning direction. It is well known that aberration is easily generated as the absolute value of power of the lens surface 
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becomes large. In order to avoid such a disadvantage, the above-mentioned point can improve the performance of the 
lens. 

FIG. 37 shows that the shift of the shape of the first surface of the lens 30b of the sub-scanning direction based on 
an arc having curvature in a condition that the sub-scanning direction z = 0. In other words, FIG. 37 shows that the first 

5 surface of the lens 30b is shaped such that in which at least the term of n is 2 or more in the equation (1), that is, 
A mn Y m - Z 2n to the sub-scanning direction. This point is largely helpful to improve the various characteristics of the sub- 
scanning direction over the large width of the sub-scanning direction. 

FIG. 39 shows the shape of the second surface of the second image-forming lens 30b. As shown in FIG. 39, the 
second surface of the second image-forming lens 30b is formed to be asymmetrical to the optical axis (y, z) = (0, 0). 

10 FIG. 40 shows a curvature of the second surface of the lens 30b of the sub-scanning direction at a cross point 
between a light scanning surface and a lens surface (that is, a plane, which includes an optical axis of the optical system 
and is expanded to the main-scanning direction). 

FIG. 41 shows a secondary differential value between the curvature of the sub-scanning direction and the coordi- 
nates of the main-scanning direction at the cross point between the light scanning surface and the lens surface. 

75 FIG. 42 shows a differential value between the coordinates of the main-scanning direction and the coordinates of 
the direction of the optical axis at the cross point between the light scanning surface and the lens surface. 

FIG. 43 shows a curvature of the second surface of the lens 30b of the main-scanning direction at the cross point 
between the light scanning surface and the lens surface (that is, the plane, which includes the optical axis of the optical 
system and is expanded to the main-scanning direction). 

20 FIG. 44 shows the shape of the second surface of the second image-forming lens 30b of the sub-scanning direction 
at each point of the main-scanning direction of the lens surface based the cross point between the light scanning sur- 
face and the lens surface (that is, the plane, which includes the optical axis of the optical system and is expanded to the 
main-scanning direction). 

FIG. 45 shows the shift of the shape of the second surface of the lens 30b of the sub-scanning direction based on 
25 an arc having curvature in a condition that the sub-scanning direction z = 0. 

FIG. 46 shows an asymmetrical component to the surface expanding to the sub-scanning direction and including 
the optical axis with respect to the shape of the second surface of the lens 30b. 

As shown in FIGS. 39 to 46. similar to the first surface of the lens 30b, the second surface of the lens 30b is formed 
to be asymmetrical to the optical axis (y=0 t z=0) in the main-scanning direction and the sub-scanning direction. The 
30 inclinations and the curvatures of the sub-scanning direction and the main-scanning direction are symmetrically 
changed with respect to the point crossing point with the optical axis of the main-scanning direction, and no rotation 
symmetrical surface is included in the main-scanning direction and the sub-scanning direction, respectively. Therefore, 
various characteristics of the lens surface of the main-scanning direction and the sub-scanning direction against the 
wide deflection angle. Therefore, various characteristics of the lens surface of the main-scanning direction and the sub- 
35 scanning direction against the wide deflection angle. 

More specifically, FIG. 40 shows that the curvature of the lens surface of the sub-scanning direction changes a sign 
in mid course of the main-scanning direction. Thereby, various characteristics of the lens surface of the sub-scanning 
direction can be optimized against the wide deflection angle without increasing an absolute value of power of the lens 
surface in the sub-scanning direction. It is well known that aberration is easily generated as the absolute value of power 
40 of the lens surface becomes large. In order to avoid such a disadvantage, the above-mentioned point can improve the 
performance of the lens. 

FIG. 42 shows that the inclination of the lens in the main-scanning direction changes a sign in mid course of the 
main-scanning direction. Thereby, the depth of the lens in the optical direction can be reduced, the manufacture of the 
die can be easier, and the warp of the lens generated in forming the lens can be controlled. 

45 FIG. 43 shows that the curvature of the lens of the main-scanning direction changes a sign in mid course of the 
main-scanning direction. Thereby, various characteristics of the lens surface of the main-scanning direction can be opti- 
mized against the wide deflection angle without increasing an absolute value of power of the lens surface in the main- 
scanning direction. It is well known that aberration is easily generated as the absolute value of power of the lens surface 
becomes large. In order to avoid such a disadvantage, the above-mentioned point can improve the performance of the 

50 lens. 

FIG. 45 shows that the shift of the shape of the second surface of the lens 30b of the sub-scanning direction based 
on an arc having curvature in a condition that the sub-scanning direction z = 0. In other words, FIG. 37 shows that the 
second surface of the lens 30b is shaped such that in which at least the term of n is 2 or more in the equation (1), that 
is, A^Y™ • Z 2n to the sub-scanning direction. This point is largely helpful to improve the various characteristics of the 
55 sub-scanning direction over the large width of the sub-scanning direction. 

FIG. 47 shows a distribution of power, which is continuous in the sub-scanning direction in a state that the first 
image-forming lens 30a is regarded as a thin lens. The distribution can be obtained by the following method. 

More specifically, the curvature of the first image forming lens 30a of the sub-scanning direction corresponding to 
the position of the main-scanning direction of the light incident surface of the lens 30a is subtracted from the curvature 
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of the first image forming lens 30a of the sub-scanning direction corresponding to the position of the main-scanning 
direction of the light emission surface of the lens 30a. The resultant value is multiplied by a value, which is obtained by 
removing 1 (refractive index of air) from a refractive index n of PMMA, serving as a material of the lens 30a, thereby the 
above distribution of power can be obtained. 
5 FIG. 48 also shows a distribution of power, which is continuous in the main-scanning direction in a state that the 

first image-forming lens 30a is regarded as a thin lens. The distribution can be obtained by the same method as the 
case of FIG. 47. 

FIG. 49 shows a distribution of power, which is continuous in the sub-scanning direction in a state that the second 
image-forming lens 30b is regarded as a thin lens. The distribution can be obtained by the following method. 

w More specifically, the curvature of the second image forming lens 30b of the sub-scanning direction corresponding 
to the position of the main-scanning direction of the light incident surface of the lens 30b is subtracted from the curva- 
ture of the first image forming lens 30b of the sub-scanning direction corresponding to the position of the main-scanning 
direction of the light emission surface of the lens 30b. The resultant value is multiplied by a value, which is obtained by 
removing 1 (refractive index of air) from a refractive index n of PMMA, serving as a material of the lens 30b, thereby the 

is above distribution of power can be obtained. 

FIG. 50 also shows a distribution of power, which is continuous in the main-scanning direction in a state that the 
first image-forming lens 30b is regarded as a thin lens. The distribution can be obtained by the same method as the 
case of FIG. 47. 

As shown in FIGS. 47 and 49, it is recognized that the first and second image-forming lenses 30a and 30b have 
20 positive power in the sub-scanning direction in the entire areas including the portion close to the optical axis of the main- 
scanning direction and the peripheral section. 

As shown in FIG. 48, it is recognized that power of the lens 30a in the main-scanning direction becomes "0" at the 
portion close the optical axis of the main-scanning direction. Also, shown in FIG. 50, it is recognized that power of the 
lens 30b in the main-scanning direction becomes "negative" at the portion close the optical axis of the main-scanning 
25 direction, and "positive" at the peripheral section. 

FIG. 51 shows the relative position of each pair of two laser beams (LYa and LYB, LMa and LMb. LCa and LCb, LBa 
and LBb) emitted from each pair of two light sources 3 (first yellow laser 3Ya and second yellow laser 3Yb, first magenta 
laser 3Ma and second magenta laser 3Mb, first cyan laser 3Ca and second cyan laser 3Cb. first black laser 3Ba and 
second black laser 3Bb) in the sub-scanning direction. As shown in FIG. 51 , the characteristic of each of the lenses are 
30 defined such that the pair of two laser beams, that is, Ni Q is a positive integer number, i=2) laser beams are crossed 
each other between the first surface of the first image forming lens 30a (light incident surface) and the image surface, 
particularly between the first surface of the lens 30a and vicinity of the second surface of the lens 30b. Thereby, the 
beam space between the Ni (i=2) laser beams can be constantly maintained regardless of the change of the tempera- 
ture and humidity. 

35 FIGS. 52 to 64 specifically explain the various characteristics provided by the first and second image forming 
lenses 30a and 30b whose shapes are defined by the equation (1) in a state that the image surface beam position of 
the main-scanning direction is a horizontal axis. 

FIG. 52 relates to the laser beam LMa emitted from the first magenta laser 3Ma. In other words, FIG. 52 shows the 
variation of the laser beam LMa in the direction of the main-scanning direction, that is, an amount of de-fbcus of the 

40 laser laser beam in each of the main-scanning direction and the sub-scanning direction on the image surface in a state 
that the refractive index is changed. In this case, FSY: main-scanning direction, FSZ: sub-scanning direction, and 
added numbers 1, 2, and 3 correspond to the conditions of refractive index n = 1.4855. n = 1.4821, and n = 1.4889, 
respectively. 

FIG. 53 relates to the laser beam LCa emitted from the first cyan laser 3Ca. In other words, similar to the case of 
45 FIG. 52, FIG. 53 shows the variation of the laser beam LCa in the direction of the main-scanning direction, that is, an 
amount of de-fbcus of the laser laser beam in each of the main-scanning direction and the sub-scanning direction on 
the image surface in a state that the refractive index is changed. In this case, FSY: main-scanning direction, FSZ: sub- 
scanning direction, and added numbers 1, 2, and 3 correspond to the conditions of refractive index n = 1.4855, n ■ 
1 .4821 , and n = 1 .4889. respectively. 
so FIG. 54 relates to the laser beams LBa and LYa, which are emitted from the first black laser 3B and the first yellow 
laser 3Ya, respectively (the laser beams LBa and LYa are symmetrical to the sub-scanning direction in a state that the 
optical axis of the optical system is sandwiched between these laser beams as shown in Table 1). In other words, similar 
to the case of FIG. 52, FIG. 54 shows the variation of each of the laser beams LBa and LYa in the direction of the main- 
scanning direction, that is, an amount of de-focus of the laser laser beam in each of the main-scanning direction and 
55 the sub-scanning direction on the image surface in a state that the refractive index is changed. In this case, FSY: main- 
scanning direction, FSZ: sub-scanning direction, and added numbers 1 , 2, and 3 correspond to the conditions of refrac- 
tive index n » 1.4855. n = 1.4821, and n = 1.4889, respectively. 

As shown in FIGS. 52 to 54, the amount of de-fbcus of the laser beam is controlled to be within the range of ±1 .5 
mm at its maximum. 
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FIG. 55 relates to the laser beam LMa emitted from the first magenta laser 3Ma. In other words, FIG. 55 shows the 
value of the scanning line curve of the laser beam in the main-scanning direction on the image surface in a state that 
the refractive index is changed. In this case, added numbers 1 , 2, and 3 correspond to the conditions of refractive index 
n = 1.4855, n = 1 .4821, and n = 1 .4889, respectively. 

5 FIG. 56 relates to the laser beam LCa emitted from the first magenta laser 3Ca. In other words, similar to the case 
of FIG. 55, FIG. 56 shows the value of the scanning line curve of the laser beam in the main-scanning direction on the 
image surface in a state that the refractive index is changed. In this case, added numbers 1, 2, and 3 correspond to the 
conditions of refractive index n = 1.4855, n = 1.4821, and n = 1.4889, respectively. 

FIG. 57 relates to one of the laser beam LBa and laser beam LYa, which is emitted from the first black laser 3B or 

10 the first yellow laser 3Ya, respectively. In other words, similar to the case of FIG. 55, FIG. 57 shows the value of the 
scanning line curve of the laser beam in the main-scanning direction on the image surface in a state that the refractive 
index is changed. In this case, added numbers 1 , 2, and 3 correspond to the conditions of refractive index n = 1 .4855, 
n = 1.4821, and n = 1.4889, respectively. 

As shown in FIGS. 55 to 57, the value of the scanning line curve of the laser beam is controlled to be within the 

15 range of ±0.015 mm at its maximum. 

FIG. 58 relates to the laser beams LMa and LMb emitted from the first and second magenta lasers 3Ma and 3Mb, 
respectively. In other words, FIG. 58 shows the value of the shift (variation of distance) between these laser beams in 
the sub-scanning direction on the image surface in a state that the refractive index is changed. In this case, added num- 
bers 1 , 2, and 3 correspond to the conditions of refractive index n = 1 .4855, n = 1 .4821 , and n = 1 .4889, respectively. 

20 FIG. 59 relates to the laser beams LCa and LCb emitted from the first and second cyan lasers 3Ca and 3Cb, 
respectively. In other words, similar to the case of FIG. 58, FIG. 59 shows the value of the shift (variation of distance) 
between these laser beams in the sub-scanning direction on the image surface in a state that the refractive index is 
changed. In this case, added numbers 1. 2, and 3 correspond to the conditions of refractive index n = 1.4855, n = 
1.4821, and n = 1.4889, respectively. 

25 FIG. 60 relates to a pair of the laser beams LBa and LBb, or LYa and LYB, which are emitted from the first and sec- 
ond black lasers 3Ba and 3Bb, or the first and second yellow lasers 3Ya and 3Yb, respectively. In other words, similar 
to the case of FIG. 58, FIG. 60 shows the value of the shift (variation of distance) between the laser beams in the sub- 
scanning direction on the image surface in a state that the refractive index is changed. In this case, added numbers 1 , 
2, and 3 correspond to the conditions of refractive index n = 1 .4855, n ■ 1 .4821 , and n = 1 .4889, respectively. 

30 As shown in FIGS. 58 to 60, the value of the variation of the beam distance is controlled to be within the range of 
±0.0002 mm at its maximum. 

FIG. 61 relates to the first to fourth laser beams LYa and LYb, LMa and LMb, LCa and LCb, and LBa and LBb. In 
other words, FIG. 60 shows the variation ratio of an inverse of a converging angle, that is, the variation ratio of each 
laser beam diameter in the main-scanning direction and the sub-scanning direction on the image surface. In this case, 

35 YANG: main-scanning direction, ZYAG: sub-scanning direction, and added numbers 1 , 2, and 3 correspond to the con- 
ditions of refractive index n = 1 .4855, n = 1 .4821 , and n = 1 .4889, respectively. As shown in FIG. 61 , the variation ratio 
of the beam diameter is controlled to be about 7% at its peak. 

FIG. 62 relates to the first to fourth laser beams LYa, LMa, LCa, and LBa. in other words, FIG. 62 shows the varia- 
tion ratio of the fe characteristic of each laser beam in the main scanning direction on the image surface. As shown in 

40 FIG. 62, the fe characteristic is controlled to be within the range of about 0.65% regardless of the kinds of the laser 
beams. 

FIG. 63 relates to the first to fourth laser beams LYa, LMa, LCa, and LBa. In other words, FIG. 63 shows the varia- 
tion of the beam position of the sub-scanning direction on the image surface in a state that the tilts of the deflect surface 
of the polygon mirror 5 is contained in one minute (1/60 degree). The added numbers 1 and 2 correspond to the laser 

45 beams LMa and LCa. The added number 3 corresponds to both laser beams LBa and LYa since the laser beams LBa 
and LYa are symmetrical to sandwich the optical axis of the optical system therebetween. As shown in FIG. 63, the var- 
iation of the beam position is controlled to be 0.003 mm at its maximum. In a case where there is no need of correcting 
the position error of each of the tilts of the deflect surfaces of the polygon mirror 5 against the wide deflection angle, the 
variation of the beam position is 0. 186, and the correction ratio of the position error of the tilt is 1/62 in the optical system 

so having the image forming lenses 30a and 30b. 

FIG. 64 relates to the first to fourth laser beams LYa, LMa, LCa, and LBa. In other words, FIG. 64 shows the varia- 
tion ratio of transmissivity of each laser beam against the image surface beam position in the main scanning direction 
on the image surface. In this case, added numbers 1 and 2 correspond to the laser beams LMa and LCa, respectively, 
and added number 3 corresponds to both laser beams LYa and LBa. As shown in FIG. 64, the variation ratio of the 

55 transmissivity is controlled to be within the range of about 3.5% regardless of the kinds of the laser beams. 

As explained above, the shapes of the light incident surface and the light emission surface of the first image forming 
lens 30a and those of the second image forming lens 30b are optimized based on the equation (1). Thereby, the aber- 
ration characteristics such as spherical aberration on the image surface, comma aberration, image surface curvature, 
or multiplication error can be controlled to be within a predetermined range by only two image forming lenses. 
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In other words, the scanning surface expanding to the main-scanning direction and the shape of the line crossing 
the lens surface are formed to be asymmetrical to the optical axis passing through the lens surface. Thereby, the image- 
formed surface of the main-scanning direction can be prevented from largely deviating from the image surface. Also, 
the fe characteristics can be prevented from being shifted in a state that the optical axis of the main-scanning direction 

5 is sandwiched therebetween. Moreover, in the laser beam, which is largely shifted from the optical axis, the amounts of 
the scattering laser beam and ghost laser beams in the main-scanning direction and the sub-scanning direction can be 
reduced. Further, the amount of variation of the intensity distribution of the beam passing through any positions of the 
main-scanning direction can be controlled to be less than a predetermined range. Also, since the curve of the main 
scanning line can be reduced, the number of the laser beams emitted from the light source is Ni (i = a positive integral 

ro number), the variation of the beam space of the respective laser beams in the sub-scanning direction can be controlled. 
Furthermore, the movement of the image surface in the sub-scanning direction, which is caused by the position error 
of each of the tilts of the deflect surfaces of the polygon mirror against the wide deflection angle, can be reduced. 
The following will explain a modification of the first embodiment shown in FIGS. 1 to 64. 

FIG. 69 is a schematic plane view showing only optical elements in a state that the mirrors of the optical exposer 
15 unit 1 is removed. FIG. 70 is a partial side view showing the position of the synchronization detector 23 of FIG. 69 and 
the horizontal synchronization mirror 25 having only one plane (reflection surface) in a state that the laser beam direct- 
ing from the mirror 25 to the detector 23 is seen from the sub-scanning direction. 

As shown in FIGS. 69 and 70, timing of each of the laser beams LYa and LYb, LMa and LMb, LCa and LCb, and 
LBa and LBb is changed so as to be incident onto a predetermined position of the detector 23 in order. The detector 23 
20 is the general position for detecting the position of each of the laser beams. The mirror 25 bends the laser beam passed 
through the second image forming lens 30b. Due to this, in a case where the detector 23 detects that the laser beam is 
shifted by some reason, the beam distance of the respective laser beams can be fed back to the light source having a 
beam distance change mechanism of a second embodiment of FIG. 68 (to be described later) in order to correct the 
shift of the beam distance in the sub-scanning direction. 
25 The following will explain the detection of the horizontal synchronization of the respective laser beams. 

First, the first yellow laser 3Ya of the first light source 3Y is emitted. Thereby, the laser beam LYa. which is bent by 
the mirror 25 and separated from the optical axis by a predetermined distance in the sub-scanning direction, is made 
incident onto a predetermined position of the synchronization detector 23. The synchronization detector 23 is one 
dimensional (1 - axis) position sensor detector, which can detect sub-scanning directions beam position. Thereby, the 
30 horizontal syn signal of the laser beam LYa can be obtained from a slope signal of a sum signal of the detector 23 when 
the laser beam LYa reaches the detector 23. Sequentially, the position of the laser beam LYa in the z axial direction can 
be measured from a differential signal of the detector 23. 

Thereafter, the emission of the first yellow laser 3Ya is stopped, and the second yellow laser 3Yb is emitted. In this 
case, the position of the laser beam LYb in the z axial direction can be measured from the differential signal of the detec- 
35 tor 23. Sequentially, the horizontal syn signal of the laser beam LYb can be obtained from a slope signal of a sum signal 
of the detector 23 when the laser beam LYb deviates from the detector 23. 

Similarly, the horizontal syn signal and position data of the z direction can be obtained in connection with the laser 
beams LMa and LMb, LCa and LCb, and LBa and LBb. 

Thereby, timing when the first to fourth light sources 3 (Ya, Yb; Ma, Mb; Ca, Cb; Ba, Bb) are emitted, that is, the 
40 main-scanning direction writing timing is defined. Also, in order to correct the shift of the beam distance in the sub-scan- 
ning direction, the beam distance between two laser beams (LYa, LYb; LMa, LMb; LCa, LCb; LBa, LBb) is fed back to 
the beam distance change mechanism. 

FIG. 65 shows a transfer typed color image forming apparatus to which the optical exposer unit of the second 
embodiment. The same reference numerals as the case of FIGS. 1 to 64 are added to the structure as already 
45 explained in FIGS. 1 to 64 and the structure, which is substantially the same as the structure of FIGS. 1 to 64, and the 
specific explanation is omitted. 

As shown in FIG. 65, the image forming apparatus has first to fourth image forming sections SOY, 50M, 50C, and 
50B each forming an image of each of the color-separated components, that is, Y = Yellow, M = Magenta, C = Cyan, 
and B = Black. 

so The image forming sections 50 (Y, M, C, B) are arranged in series in order of 50Y, 50M, 50C, and 50B at the lower 
portion of an optical exposer unit 1 51 (described later in FIGS. 66 to 71 ) so as to correspond to the positions where the 
laser beams L (Y, M, C, B) corresponding to the respective color components through the third mirrors 37 (Y, M, C) and 
the first mirror 33B of the optical exposer unit 151 are emitted. 

FIG. 66 shows the optical exposer unit used in the color image forming apparatus of FIG. 65. 

55 As shown in FIG. 66, the optical exposer unit 151 has only one polygon mirror 5, serving as deflecting means for 
deflecting the laser beam emitted from the laser device to a predetermined position of the image surface provided at a 
predetermined position at a predetermined linear speed. 

The post-deflection optical system 21 is provided between the polygon mirror 5 and the image surface. The post- 
deflection optical system 21 has first and second image forming lens 30a and 30b, which provide a predetermined opti- 
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cal characteristic to the laser beam deflected to a predetermined direction by the reflection surface of the polygon mirror 
5. 

The following will explain the post-deflection optical system 21 provided between the polygon mirror 5 and the laser 
device as a light source. 

s The optical exposer unit 1 has first to fourth light sources 3Y, 3M, 3C. and 3B (M is a positive integral number, 4 in 
this case), which include a laser device satisfying Ni (i is a positive integral number, and N4 = 2, N1 = N2 = N3 = 1 , and 
N4 b 2 shows that the number of black beams is two) and which generates the laser beams corresponding to the color- 
separated components. 

The first to third light sources 3Y, 3M and 3C have the yellow laser 3Y for emitting the laser beam corresponding to 
io the yellow image, magenta laser 3M for emitting the laser beam corresponding to the magenta, cyan laser 3C for emit- 
ting the laser beam corresponding to the cyan image, first and second block lasers 3Ba and 3Bb for emitting the laser 
beam corresponding to the black image, respectively In other words, the first to third light sources 3Y, 3M, and 3C sat- 
isfy the equation of N1 = N2 = N3 = 1 , and the fourth light source 3B satisfies the equation of N4= 2. Therefore, one 
laser beam (LY, LM, LC) is emitted form each of the third light sources 3Y, 3M, and 3C, and two laser beams LBa and 
15 LBb, which are paired and positioned to have a beam distance with a predetermined value, are emitted from the fourth 
light source 3B in the sub-scanning direction. 

The following will explain the pre-deflection optical system 7Y in which the laser beam LY directing to the polygon 
mirror 5 from the yellow laser 3Y is typically shown. 

A predetermined convergence is provided to the divergent laser beam emitted from the yellow laser 3Y by the finite 
20 focus lens 9Y. Thereafter, the cross section of the beam is formed to have a predetermined shape by a diaphragm 1 0Y 
A predetermined convergence is further provided to the laser beam LY, which is passed through the diaphragm 10Y, 
through the hybrid cylinder lens 1 1 Y in only the sub-scanning direction, and the laser beam LY is emitted to the polygon 
mirror 5. 

Similarly, the laser beam emitted from the magenta laser 3M is passed through the finite focus lens 9M, a dia- 
25 phragm 10M, and the hybrid cylinder lens 11 M to be directed to the polygon mirror 5. Also, the laser beam emitted from 
the cyan laser 3C is passed through the finite focus lens 9C, the diaphragm 10C, and the hybrid cylinder lens 1 1C to be 
directed to the polygon mirror 5. 

In contrast, regarding the divergent laser beam emitted from the first black laser 3Ba, a predetermined conver- 
gence is provided to the divergent laser beam by the finite focus lens 9Ba. Thereafter, the cross section of the beam is 
30 formed to have a predetermined shape by a diaphragm 10Ba. A predetermined convergence is further provided to the 
laser beam LBa, which is passed through the diaphragm 10Ba, through the hybrid cylinder lens 1 1B in only the sub- 
scanning direction, and the laser beam LBa is guided to the polygon mirror 5. The half minror 12B is inserted between 
the finite focus lens 9Ba and the hybrid cylinder lens 11 B at a predetermined angle to the optical axis provided between 
the finite focus lens 9Ba and the hybrid cylinder lens 1 1 B. In the half-mirror 12B, the laser beam LBb is made incident 
35 onto the surface on which the laser beam LBa is made incident from the first black laser 3Ba and the opposite surface 
at a predetermined angle to have a predetermined beam distance between the laser beams LBa and LBb in the sub- 
scanning direction. The finite focus lens 9Bb and the diaphragm 10Bb are provided between the second laser 3Bb and 
the half mirror 12B so as to provide a predetermined convergence to the laser beam LBb sent from the second laser 
3Bb. 

40 The laser beam LY passed through the hybrid cylinder 11 Y, the laser beam LM passed through the hybrid cylinder 
1 1 M, the laser beam LC passed through the hybrid cylinder 1 1 C, and the pair of the laser beams Lba and LBb passed 
through the hybrid cylinder 1 1 B are substantially put together with the other laser beams as a flux of light beam by the 
laser synthetic mirror unit 13, which is substantially the same as the laser synthetic mirror unit 13 of FIG. 8, thereby 
these beams are guided to the polygon mirror 5. It is noted that the optical elements used in each of the pre-deflection 

45 optical systems 7 (Y ( M, G, B) are substantially the same as the optical elements used in the first embodiment of FIGS. 
1 to 64, so that the specific examination is omitted. 

FIG. 67 shows a cross section of the laser beam directing to the image surface from the polygon mirror 5 in the sub- 
scanning direction in a state that the deflection angle of the laser beam at the respective reflection surfaces of the pol- 
ygon mirror 5 is 0°. 

so As shown in FIG. 67, the first to fourth laser beams LY, LM, LC and the laser beam LB in which two laser beams 
LBa and LBb are put together as one beam cross the optical axis of the optical system in the sub-scanning direction 
between the first and second image forming lenses 30a and 30b so as to be guided to the image surface (photosensi- 
tive drum 58). 

As already explained in the prior art, as compared the frequency of the case in which the color image is output with 
55 the frequency of the case in which the black image is output in the color image forming apparatus, there is a tendency 
for the frequency of the black image to be higher than that of the color image. In the block image, the sharpness of the 
image is more required compared with the color image. However, resolution is not required in the optical apparatus, 
which is suitable for the laser beam corresponding to the color image, as compared with the optical apparatus, which is 
suitable for the laser beam corresponding to the black image. Due to this, the use of the optical apparatus, which is suit- 
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able for the laser beam corresponding to the black image, increases the manufacturing cost. Therefore, in N4 (=2). as 
the value, which is different from the other N1 = N2 = N3 = 1 .600 dpi (dots per inch) is provided to block. In the case 
of the color images, 300 dpi is provided to the respective colors. Moreover, the image forming apparatus of FIG. 65 is 
formed such that two steps of resolution, at least 600 dpi and 400 dpi can be provided to the black image. It is noted 
5 that the fixed value of 300 dpi is provided to the color image of each of the first to third light sources 3Y, 3M, and 3C. 

The following will explain the resolution change mode of the image forming apparatus of FIG. 65. 

Generally, an effective power diameter of the laser beam is shown by 1/e 2 . At this time, the 1/e 2 diameter Do of the 
sub-scanning direction satisfies the following equation in connection with the beam distance (GP), which is defined 
based on the resolution of the image to be recorded: 
w AMP x GP = Do (1.2 ^ AMP ^ 1 .6) wherein the suitable value of AMP differs by depending on the processes. 

In other words, the effective energy diameter Do is set to be slightly larger than GP defined by depending on reso- 
lution. Thereby, for example, it is well known that variation of density, which is caused by jitter generated by the drive of 
the photosensitive drum, can be reduced. In this case, the line distance at the time of writing the image under the con- 
ditions of single beam and a required resolution DPI is set to LGR 
is As shown in FIG. 71 , in order to record the image under the conditions that resolution is 600 dpi and Ni = two laser 
beams, it is useful to set the effective energy diameter Do of each of the laser beams to be 1 .2 to 1 .6 times as large as 
GP. Also, in order to effectively reduce the variation of density, it is useful to change the distance between the laser 
beams such that AMP, which is defined by depending on resolution, is about 1 .2 to 1 .6 and the beam distance is set to 
GP'. Therefore, for example, for obtaining GP' with respect to various resolution, the beam distance of two paired laser 
20 beams in the sub-scanning direction may be changed by a resolution change mechanism (to be described later with 
reference to FIG. 68) as to satisfy the following equation (2): 

GP' = (25.4 AMP/DPI - 25.4 AMP/DPIo) / (Pi - 1) = AMP x LGP x {1 - (DPI/DPIo)} / (Pi - 1) 

25 wherein 

DPIo = maximum resolution by which the image forming forming apparatus can form the image, and DPI = the required 
resolution to be changed. 

In the optical exposer unit 151 of the image forming apparatus of FIG. 65, it is defined that the maximum resolution 
DPIo = 600 dp] and that changeable resolution DPI s 1/Pi x DPIo 2 . 
30 If the required DPI is 400 dpi and AMP is 1 .2, the beam distance on the image surface under the condition of Ni = 
2 is reduced from 42.3 \im to 25.4 jim. Also, by use of a plurality of Pi beams (Pi is an integral number of 2 or more and 
Pi = 2 in this case), an image corresponding to one pixel can be formed. 

In this case, in order to keep the process speed constant, it is needless to say that the image frequency is changed 
to DPI 2 x Pi/ DPIo 2 = 0.8888. 
35 Also, it is needless to say that the deflection speed of the deflector is changed to DPI x Pi / DPIo « 1 .3333 . 

Just for reference, if DPI is set to 300 dpi, the beam distance is changed to 50.8 urn, the deflection speed of the 
deflector is changed to the same value at the time of DPIo (at the time when the first and second lasers simultaneously 
emitted), and the image frequency is changed to 1/2. 

FIG. 68 shows the resolution change mechanism, that is, a holding section for holding the second laser 3Bb of the 
40 fourth light source 3B used in the optical exposer unit 151 of FIG. 65. 

As shown in FIG. 68, the second black laser 3Bb is inserted to a laser holder section formed at a predetermined 
position of the laser holding section 26b for holding the second black laser 3Bb so as to be fixed thereto by adhesive 
(not shown). A lens holding section 4Bb for holding the finite focus lens 9Bb is provided in a direction where the laser 
beam LBb is emitted from the second black laser 3Bb held by the laser holder section. The finite focus lens 9Bb has a 
45 lens housing in itself, and the outer shape is cylindrical. Thereby, the finite focus lens 9Bb is pressed in a predetermined 
direction of the lens holding section 4Bb by, for example, a plate spring 6Bb. A diaphragm 10Bb is inserted to a groove, 
which is formed at a predetermined position of the lens holding section 4Bb in advance, and fixed to the lens holding 
section 4Bb with adhesive (not shown). The optical axis is adjusted with respect to the laser beam LBb emitted from the 
laser device 3Bb by a positioning projection (not shown), which is formed in the lens holding section 4Bb in advance. 
so Thereafter, the finite focus lens 9Bb is fixed to a lens holding section 4Bb with adhesive. 

The lens holding section 4Bb and the laser holding section 2Bb are arranged at a predetermined position of a hous- 
ing 1 51 a of the optical exposer unit 1 51 in a state that a piezo actuator 1 4Bb whose thickness is changed in accordance 
with a voltage to be applied is provided between the housing 151a and the holding sections. 

In order to change the beam distance of the sub-scanning direction between the laser beam LBa emitted from the 
55 first black laser 3Ba and the laser beam LBb emitted from the second black laser 3Bb in accordance with the change 
of the above-mentioned resolution, the thickness of the electromagnetic actuator 14Bb, which is predetermined in 
accordance with resolution of, for example, 600 dpi. 400 dpi, and 300 dpi, can be provided. The thickness of the piezo 
actuator 14Bb is changed in accordance with resolution supplied through a voltage supply section (not shown). The 
amounts of these resolution is fed back to a drive section (not shown) of the piezo actuator 14Bb by a difference 
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between the laser beams LBa and LBb of the z direction, which generates the differential signal of the detector 23. As 
the piezo actuator 14Bb, for example, the well-known piezo element is used. 

In the optical exposer unit 151 of FIG. 65, the second black laser 3Bb is guided to a predetermined position of the 
image surface by the hybrid cylinder lens 1 1B, and the first and second image forming lenses 30a and 30b. As one 

5 example, the electromagnetic actuator 14Bb is displaced, the shift of the laser beam reaching onto the image surface 
is -0.636 • dx if the distance where the lens holding section 4Bb and the laser holding section 2Bb are moved is dx. 
The second embodiment of FIGS. 65 to 68 explained only the case in which the beam distance adjusting mechanism 
is N4 - 1 = 2 - 1 = 1 , and N1 - 1 = 0 (Y) , N2 - 1 = 0 (M) , N3 - 1 = 0 (C) , and N4 - 1 = 1 (B) . However, the beam dis- 
tance adjustment mechanism of FIG. 68 may be provided in the 3Ba. Also, the this embodiment, the beam incident 

10 position was adjusted. Another mechanism can be applied. In order to generate the inclination of the piezo element, the 
piezo element is provided at one end of the lens holding section 4Bb and a spring is provided at the other end, thereby 
the beam incident angle and position can be adjusted. 

FIG. 72 shows a monochromatic image forming apparatus to which a two-beam exposer unit of the third embodi- 
ment of the present invention is applied. Reference numeral 200 is added to substantially the same structure as the first 

is embodiment of FIGS. 1 to 64, and substantially the same structure as the second embodiments of FIGS. 65 to 68, and 
the specific explanation is omitted. 

As shown in FIG. 72, an image forming apparatus 200 has an image forming section 250 of the well-known laser 
beam printer system. 

The image forming section 250 is provided at the position where the laser beams L1 and L2 are emitted through a 
20 mirror 233 of an optical exposer unit 201 (FIGS. 73 to 98 described later). 

The image forming section 250 has a cylindrical drum shape and is formed to be rotatable in a predetermined direc- 
tion. Also, the image forming section 250 has a photosensitive drum 258 on which an electrostatic image corresponding 
to an image is formed. There are arranged a charging unit 260, a developing unit 262, a transfer unit 264, a cleaner 266, 
and a discharge unit 268 along the rotation direction of the photosensitive drum 258 in order. The charging unit 260 pro- 
25 vides a predetermined voltage onto the surface of the photosensitive drum 258. The developing unit 262 develops the 
electrostatic latent image formed on the surface of the photosensitive drum 258 with toner. The transfer unit 264 trans- 
fers an toner image, which is formed on the photosensitive member 258, to a recording medium, i.e., recording paper 
P. The cleaner 266 removes the residual toner, which is left on the photosensitive drum 258 after each toner image is 
transferred through the transfer unit 264. The discharge unit 268 removes the residual voltage, which is left on the pho- 
30 tosensitive member 258 after each toner image is transferred through the transfer unit 264. 

Irradiation of the laser beams L1 and L2, which are guided by the mirror 233 of the optical exposer unit 201 , is pro- 
vided between the charge units 260 and the developing unit 262. 

A paper cassette 270. which contains the recording medium (paper P) for transferring the image formed by the 
image forming unit 250, is provided at the lower portion of the photosensitive drum 258. 
35 A feeding roller 272 having a semicircular cross section is provided at the position, which is one end portion of the 
paper cassette 270 and a portion close to a tension roller 254, so as to pick up paper P contained in the paper cassette 
270 one by one from the uppermost section. 

A resist roller 276 is provided between the feeding roller 272 and the photosensitive drum 258. The resist roller 276 
is used to conform the top end of one paper P, which is picked up from the cassette 270, to the top end of the toner 
40 image formed on the photosensitive drum 258. 

A fixing unit 284 is provided in a direction where paper P to which the image formed on the photosensitive drum 
258 is transferred by the transfer unit 264. The fixing unit 284 is used to fix the toner image, which is transferred onto 
the paper P, to paper R 

FIG. 73 shows the two-beam exposer unit, which is used in the image forming apparatus of FIG. 72. 
45 As shown in FIG. 73, the optical exposer unit 201 has only one deflector 205, serving as deflecting means for 
deflecting (N1 = 2 (M = 0)) two laser beams emitted from the first and second laser devices 203a and 203b toward a 
predetermined position of the image surface provided at a predetermined position at a predetermined linear speed. The 
direction where the laser beams are deflected by the deflector 205 is hereinafter called "main-scanning direction." 
Only one image forming lens 230 is provided between the deflector 205 and the image surface to give a predeter- 
50 mined optical characteristic to the first and second laser beams deflected to the predetermined direction by the reflec- 
tion surface of the deflector 205. A dustproof glass 239 is provided between the image forming lens 230 and the image 
surface. 

The following will specifically explain the pre-deflection optical system between the laser element, serving as a light 
source, and the deflector 205. 

55 The optical exposer unit 201 has a group of light sources 203 (M is a positive integral number, 1 in this case), which 
include two laser device satisfying N1 = 2. As a pre-deflection optical system, there are arranged a finite focus lens 
209a, a diaphragm 210a, a haff mirror 212, and a hybrid cylinder lens 21 1 between a first laser 203a of the light source 
203 and the deflector 205. Also, there are arranged a second laser 203b, a finite focus lens 209b, and a diaphragm 
21 0b on the surface, which is opposite to the surface where the laser beam L1 is made incident from the first laser 203a 
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of the half mirror 2 1 2. The optical characteristics, the shapes, and the materials of the respective optical elements used 
in the pre-deflection optical system are substantially the same as the first and second embodiments. Due to this, the 
specific explanation is omitted. 

The following will explain the post<!ef lection optical system of one lens provided between the deflector 205 and the 
s image surface. 

FIGS. 73 to 98, and Tables 7 and 8 show the various optical characteristics and lens data of the first surface (light 
incident surface) and the second surface (light emission surface) of only one image forming lens 230. 
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FIG. 74 shows the shape of the first surface of the image-forming lens 230, that is, a light incident surface. As 
shown in FIG. 74, the first surface of the image-forming lens 230 is formed to be asymmetrical to the optical axis (y = 
0,z = 0). 

FIG. 75 shows a curvature of the first surface of the lens 230 of the sub-scanning direction at a cross point between 
a light scanning surface and a lens surface (that is, a plane, which includes an optical axis of the optical system and is 
expanded to the main-scanning direction). In other words, FIG. 75 shows the characteristic of the shape of the first sur- 
face of the image-forming lens 230 of the sub-scanning direction shown in FIG. 74, that is, the first surface of the image- 
forming lens 230 is formed to be asymmetrical to the optical axis (y = 0, z = 0). Also, FIG. 75 shows that the curvature 
of the lens surface of the sub-scanning direction changes a sign in mid course of the main-scanning direction. Thereby, 
various characteristics of the lens surface of the sub-scanning direction can be optimized against the wide deflection 
angle without increasing an absolute value of power of the lens surface in the sub-scanning direction. It is well known 
that aberration is easily generated as the absolute value of power of the lens surface becomes large. In order to avoid 
such a disadvantage, the above-mentioned point can improve the performance of the lens. 
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FIG. 76 shows a secondary differential value between the curvature of the sub-scanning direction and the coordi- 
nates of the main-scanning direction at the cross point between the light scanning surface and the lens surface. 

FIG. 77 shows a differential value between the coordinates of the main-scanning direction and the coordinates of 
the direction of the optical axis at the cross point between the light scanning surface and the first lens surface of the lens 
5 230. 

In other words, it can be understood that a primary differential value between the main-scanning direction and the 
coordinates of the optical axis at the cross point between the light scanning surface and the lens surface has two 
extreme values. Therefore, in a state that the characteristic of the main-scanning direction (FIG. 75) is maintained, fe 
characteristic of the main-scanning direction can be corrected without increasing the thickness of the lens against the 
10 wide deflection angle. Particularly, in the case of the plastic-formed lens, it takes much time to mold the lens and the 
manufacturing cost is increased if the thickness of the lens becomes thick. 

FIG. 78 shows a curvature of the first surface of the lens 230 of the main-scanning direction at the cross point 
between the light scanning surface and the lens surface (that is, the plane, which includes the optical axis of the optical 
system and is expanded to the main-scanning direction). In other words, FIG. 78 shows the characteristic of the shape 
15 of the first surface of the lens 230 of the main-scanning direction shown in FIG. 74, that is, the first surface of the first 
image-forming lens 230 is formed to be asymmetrical to the optical axis (y = 0, z = 0). Also, the curvature of the lens 
surface of the main-scanning direction changes a sign in mid course of the main-scanning direction. Thereby, various 
characteristics of the lens surface of the main-scanning direction can be optimized against the wide deflection angle 
without increasing an absolute value of power of the lens surface in the main-scanning direction. It is welt known that 
20 aberration is easily generated as the absolute value of power of the lens surface becomes large. In order to avoid such 
a disadvantage, the above-mentioned point can improve the performance of the lens. 

FIG. 79 shows the shape of the first surface of the lens 230 of the sub-scanning direction at each point of the main- 
scanning direction of the lens surface based the cross point between the light scanning surface and the lens surface 
(that is. the plane, which includes the optical axis of the optical system and is expanded to the main-scanning direction). 
25 In other words, FIG. 79 shows that the shape of the first surface (FIG. 74) in sub-scanning direction is formed to be 
asymmetrical to the main-scanning direction. 

FIG. 80 shows the shift of the shape of the first surface of the lens 230 of the sub-scanning direction based on an 
arc having curvature in a condition that the sub-scanning direction z = 0. In other words, FIG. 80 shows that the first 
surface of the lens 30a is shaped such that in which at least the term of n is 2 or more in the equation (1), that is, 
30 Amn Ym • z2n to the sub-scanning direction. 

FIG. 81 shows an asymmetrical component to the surface expanding to the sub-scanning direction and including 
the optical axis with respect to the shape of the first surface of the lens 230. 

In other words, FIGS. 80 and 81 show the first surface of the lens 230 includes no rotation symmetrical surface in 
the main-scanning direction and the sub-scanning direction. As shown in FIG. 80, at least the term of n is 2 or more in 
35 the equation (1) of the sub-scanning direction is controlled independently of the shape of the line where the light scan- 
ning surface, which includes the optical axis and expands to the main-scanning direction, and the lens surface cross 
each other, and the curvature of the sub-scanning direction. Thereby, various aberration characteristics of the main- 
scanning direction and the sub-scanning direction can be satisfactorily set. 

FIG. 82 shows the shape of the second surface (light emission surface) of the image-forming lens 230. As shown 
40 in FIG. 82, the second surface of the image-forming lens 230 is formed to be asymmetrical to the optical axis (y, z ) = 
(0,0). 

FIG. 83 shows a curvature of the second surface of the lens 230 of the sub-scanning direction at a cross point 
between a light scanning surface and a lens surface (that is, a plane, which includes an optical axis of the optical system 
and is expanded to the main-scanning direction). 
45 FIG. 84 shows a secondary differential value between the curvature of the sub-scanning direction and the coordi- 
nates of the main-scanning direction at the cross point between the light scanning surface and the lens surface. 

FIG. 85 shows a differential value between the coordinates of the main-scanning direction and the coordinates of 
the direction of the optical axis at the cross point between the light scanning surface and the second lens surface of the 
lens 230. 

so FIG. 86 shows a curvature of the second surface of the lens 230 of the main-scanning direction at the cross point 
between the light scanning surface and the lens surface (that is, the plane, which includes the optical axis of the optical 
system and is expanded to the main-scanning direction). 

FIG. 87 shows the shape of the second surface of the image-forming lens 230 of the sub-scanning direction at each 
point of the main-scanning direction of the lens surface based the cross point between the light scanning surface and 

55 the lens surface (that is, the plane, which includes the optical axis of the optical system and is expanded to the main- 
scanning direction). 

FIG. 88 shows the shift of the shape of the second surface of the lens 230 of the sub-scanning direction based on 
an arc having curvature in a condition that the sub-scanning direction z ■ 0. 
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FIG. 89 shows an asymmetrical component to the surface expanding to the sub-scanning direction and including 
the optical axis with respect to the shape of the second surface of the lens 230. 

As shown in FIGS. 83 to 89, similar to the first surface of the image-forming lens 230. the second surface is formed 
to be asymmetrical to the optical axis (y = 0, z = 0) in the main-scanning direction and the sub-scanning direction. The 
5 inclination of the curvature of the sub-scanning direction is symmetrically changed with respect to the point crossing 
point with the optical axis of the main-scanning direction, and no rotation symmetrically surface is included in the main- 
scanning direction and the sub-scanning direction. 

As already explained in FIG. 23, the light emission surface of the lens 30a has no rotation symmetrical surface. 
Therefore, various characteristics of the lens surface of the main-scanning direction and the sub-scanning direction 
io against the wide deflection angle. 

Also, FIG. 24 shows that the curvature of the lens surface of the sub-scanning direction changes a sign in mid 
course of the main-scanning direction. Thereby, various characteristics of the lens surface of the sub-scanning direction 
can be optimized against the wide deflection angle without increasing an absolute value of power of the lens surface in 
the sub-scanning direction. It is well known that aberration is easily generated as the absolute value of power of the lens 
1$ surface becomes large. In order to avoid such a disadvantage, the above-mentioned point can improve the performance 
of the lens. 

FIG. 26 shows the primary differential value between the main-scanning direction and the coordinates of the optical 
axis at the cross point between the light scanning surface, and the lens surface has two extreme values. Thereby, fe 
characteristic of the main-scanning direction can be corrected without increasing the thickness of the lens against the 

20 wide deflection angle. Particularly, in the case of the plastic-formed lens, it takes much time to mold the lens and the 
manufacturing cost is increased if the thickness of the lens becomes thick. 

Also, FIG. 27 shows that the curvature of the lens surface of the main-scanning direction changes a sign in mid 
course of the main-scanning direction. Thereby, various characteristics of the lens surface of the main-scanning direc- 
tion can be optimized against the wide deflection angle without increasing an absolute value of power of the lens sur- 

25 face in the main-scanning direction. It is well known that aberration is easily generated as the absolute value of power 
of the lens surface becomes large. In order to avoid such a disadvantage, the above-mentioned point can improve the 
performance of the lens. 

Also, FIG. 28 shows the shape of the lens surface of the sub-scanning direction when the coordinates of the cross 
point are set to 0. Moreover, the relative relationship between the peripheral section of the sub-scanning direction and 
30 the optical section of the sub-scanning direction is reversed in mid course of the main-scanning direction. This point is 
largely helpful to improve the various characteristics of the sub-scanning direction over the large width of the sub-scan- 
ning direction. 

Moreover, FIG. 29 shows the shift of the shape of the second surface of the lens 30a of the sub-scanning direction 
based on an arc having curvature in a condition that the sub-scanning direction z = 0. In other words, FIG. 29 shows 

35 that the second surface of the lens 30a is shaped such that in which at least the term of q is 2 or more in the equation 
(1), that is, AropY™ • Z 2n to the sub-scanning direction. Thereby, the second surface of the lens 30a can be shaped such 
that the relative relationship between the peripheral section of the sub-scanning direction and the optical section of the 
sub-scanning direction is reversed in mid course of the main-scanning direction. 

From the above explanation, it can be understood that the both surfaces of the lens 30a have no rotation axis, and 

40 that the primary differential value between the main-scanning direction and the coordinates of the optical axis at the 
cross point between the light scanning surface and the lens surface has two extreme values. 

In contrast, FIG. 86 shows that the curvature of the lens surface of the main-scanning direction changes a sign in 
mid course of the main-scanning direction. Thereby, various characteristics of the lens surface of the main-scanning 
direction can be optimized against the wide deflection angle without increasing an absolute value of power of the lens 

45 surface in the main-scanning direction. It is well known that aberration is easily generated as the absolute value of 
power of the lens surface becomes large. In order to avoid such a disadvantage, the above-mentioned point can 
improve the performance of the lens. 

FIG. 87 shows the shape of the lens surface of the sub-scanning direction when the coordinates of the cross point 
are set to 0. Moreover, the relative relationship between the peripheral section of the sub-scanning direction and the 

so optical section of the sub-scanning direction is reversed in mid course of the main-scanning direction. This feature is 
largely helpful to improve the various characteristics of the sub-scanning direction over the large width of the sub-scan- 
ning direction. 

FIG. 88 shows the shift of the shape of the second surface of the lens 230 of the sub-scanning direction based on 
an arc having curvature in a condition that the sub-scanning direction z = 0. In other words, FIG. 88 shows that the sec- 
55 ond surface of the lens 230 is shaped such that in which at least the term of n is 2 or more in the equation (1), that is, 
A^Y™ • Z 2n to the sub-scanning direction. Thereby, the second surface of the lens 230 can be shaped such that the 
relative relationship between the peripheral section of the sub-scanning direction and the optical section of the sub- 
scanning direction is reversed in mid course of the main-scanning direction. 
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From the above explanation, it can be understood that the both surfaces of the lens 230 have no rotation axis, and 
that the primary differential value between the main-scanning direction and the coordinates of the optical axis at the 
cross point between the light scanning surface and the lens surface has two extreme values. 

FIG. 90 shows a distribution of power, which is continuous in the sub-scanning direction in a state that the image- 
5 forming lens 230 is regarded as a thin lens. The distribution can be obtained by the following method. 

More specifically, in FIG. 90, the curvature of the image forming lens 230 of the sub-scanning direction correspond- 
ing to the position of the main-scanning direction of the light incident surface of the lens 230 is subtracted from the cur- 
vature of the image forming lens 230 of the sub-scanning direction corresponding to the position of the main-scanning 
direction of the light emission surface of the lens 230. The resultant value is multiplied by a value, which is obtained by 
w removing 1 (refractive index of air) from a refractive index n of PMM A, serving as a material of the lens 230, thereby the 
above distribution of power can be obtained. 

FIG. 91 shows a distribution of power, which is continuous in the main-scanning direction in a state that the image- 
forming lens 230 is regarded as a thin lens. The distribution can be obtained by the following method. 

More specifically, in FIG. 91 , the curvature of the lens 230 of the main-scanning direction corresponding to the posi- 
15 tion of the main-scanning direction of the light incident surface of the lens 230 is subtracted from the curvature of the 
lens 230 of the main-scanning direction corresponding to the position of the main-scanning direction of the light emis- 
sion surface of the lens 230. The resultant value is multiplied by a value, which is obtained by removing 1 (refractive 
index of air) from a refractive index n of PMMA, serving as a material of the lens 230, thereby the above distribution of 
power can be obtained. 

20 FIG. 92 shows the relative position of the pair of two laser beams L1 and L2, each emitted from from the first and 
second lasers 203a and 203b, in the sub-scanning direction. As shown in FIG. 92, the characteristics of the lens are 
defined such that the pair of two laser beams, that is, N1 = 2 laser beams cross the optical axis of the optical system 
between the first surface of the lens 230 (light incident surface) and the image surface. Thereby, the beam space 
between N1 = 2 laser beams can be constantly maintained regardless of the change of the temperature and humidity. 

25 FIGS. 93 to 98 specifically explain the various characteristics provided by the image forming lens 230 in a state that 
the image surface beam position of the main-scanning direction is a horizontal axis. 

FIG. 93 shows the variation of the laser beam in the direction of the main-scanning direction, that is, an amount of 
de-focus of the laser laser beam in each of the main-scanning direction and the sub-scanning direction on the image 
surface in a state that the refractive index is changed. In this case, added numbers 1 , 2, and 3 correspond to the con- 

30 ditions of refractive index n = 1 .4855, n = 1 .4821 , and n = 1 .4889, respectively. As shown in FIG. 93, the amount of de- 
focus of the laser beam is controlled to be within the range of ±1 .1 mm at its maximum. 

FIG. 94 shows the value of the shift (variation of distance) between the laser beams in the sub-scanning direction 
on the image surface in a state that the refractive index is changed. In this case, added numbers 1 , 2, and 3 correspond 
to the conditions of refractive index n ■ 1 .4855, n ■ 1 .4821 , and n = 1 .4889, respectively. As shown in FIG. 94, the value 

35 of the variation of the beam distance is controlled to be within the range of ±0.0009 mm at its maximum. 

FIG. 95 shows the variation ratio of an inverse of a converging angle, that is, the variation ratio of each laser beam 
diameter In the main-scanning direction and the sub-scanning direction on the image surface. In this case, YANG: main- 
scanning direction, ZYAG: sub-scanning direction. As shown in FIG. 95, the variation ratio of the beam diameter is con- 
trolled to be about 8% at its peak to peak 

40 FIG. 96 shows the variation ratio of the fe characteristic of each laser beam in the main scanning direction on the 
image surface. As shown in FIG. 96, the fe characteristic is controlled to be within the range of about 0.3% regardless 
of the kinds of the laser beams. 

FIG. 97 shows the variation of the beam position of the sub-scanning direction on the image surface in a state that 
the tilts of the deflect surface of the polygon mirror 5 is contained in one minute. As shown in FIG. 97, the variation of 

45 the beam position is controlled to be 0.001 mm at its maximum. In a case where there is no need of correcting the posi- 
tion error of each of the tilts of the deflect surfaces of the polygon mirror 5 against the wide deflection angle, the varia- 
tion of the beam position is 0.186, and the correction ratio of the position error of the tilt is 1/186 in the optical system 
having the lens 230. 

FIG. 98 shows the variation ratio of transmissivity of each laser beam against the image surface beam position in 
so the main scanning direction on the image surface. As shown in FIG. 98, the variation ratio of the transmissivity is con- 
trolled to be within the range of about 4% regardless of the kinds of the laser beams. 

As explained above, according to the above-mentioned optical exposer unit, the shapes of the first surface (light 
incident surface) and the second surface (light emission surface) of the image forming lens are optimized at the position 
of each of the main-scanning direction and the sub-scanning direction. Thereby, the aberration characteristics such as 
55 spherical aberration on the image surface, comma aberration, image surface curvature, or multiplication error can be 
controlled to be within a predetermined range by only two image forming lenses. In other words, the scanning surface 
expanding to the main-scanning direction and the shape of the line crossing the lens surface are formed to be asym- 
metrical to the optical axis passing through the lens surface. Thereby, the image-formed surface of the main-scanning 
direction can be prevented from largely deviating from the image surface. Also, the fe characteristics can be prevented 
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from being shifted in a state that the optical axis of the main-scanning direction is sandwiched therebetween. Moreover, 
in the laser beam, which is largely shifted from the optical axis, the amounts of the scattering laser beam and ghost 
laser beams in the main-scanning direction and the sub-scanning direction can be reduced. Further, the amount of var- 
iation of the intensity distribution of the beam passing through any positions of the main-scanning direction can be con- 

5 trolled to be less than a predetermined range. Therefore, influence of the variation of the refractive index due to the 
temperature and humidity and that of the variation of the shapes of the lens, which are exerted on the Ni laser beam 
distance, can be reduced. Similarly, the same effect can be applied to the M group of the laser beams. Moreover, influ- 
ence of the variation of the temperature and humidity of the beam waist position can be controlled at the position close 
to the image surface. Due to this, the variation of the beam diameter can be reduced. Further, the incident light can be 

10 input to the deflecting means from the direction other than the front. Due to this, various characteristics of the main- 
scanning direction, which are caused by asymmetry of the rotation mirror of the deflecting means, can be improved. 
Also, the reflection angle or the scanning width can be improved. Furthermore, since the correction ratio of the position 
error of the tilt is increased, the beam distance of the sub-scanning direction can be equalized. Moreover, the second 
surface of the lens 230 is shaped such that in which at least the term of n is 2 or more in the equation (1), that is, 

15 Amn Ym • z2n *° ^ e sub-scanning direction. Thereby, spherical aberration on the image surface and comma aberration 
can be improved. Also, the variation of the beam position of the sub-scanning direction can be reduced. 

Moreover, timing of image writing of the respective beams can be conformed to each other. Also, repeatability of 
timing can be prevented from being changed by the rise of temperature. Further, the positions of the Ni beams can be 
correctly detected even if the housing is deformed. 

20 Furthermore, at least one of first resolution and second resolution, which is smaller than the first resolution, can be 
selected in accordance with the signal of the resolution setting means. In the case where the second resolution is 
selected, the Ni beam distance on the image surface can be expressed by the following equation: 

GP = AMP x LGP x {1 - (DPI/DPIo)} / (Pi - 1) 

25 

wherein DPIo = the maximum resolution of the image forming apparatus can form an image, and Pi = at least two or 
more number of beams. 

Thereby, the suitable latent image corresponding to one pixel can be formed even if resolution is changed. 

Therefore, the curve of the main scanning line or the fe characteristics can be prevented from becoming unequal. 
30 Also, there can be eliminated various disadvantages in which the overlapped colors to be emitted are not the same as 
the predetermined color, the density of the same color is varied, or the outline of the image of the overlapped colors is 
shifted. 

Moreover, regarding the intermediate color tone or the color image, the color density can be controlled. Also, there 
can eliminated the various disadvantages in which the line width is changed, the overlapped colors to be emitted are 
35 not the same as the predetermined color, or the outline of the image of the overlapped colors is-shifted. Further, the first 
laser beam corresponding to the black color and the second laser beam corresponding to the color image can be pro- 
vided onto the image surface based on resolution, which is required in each of these laser beams. 

Furthermore, the number of the image forming lenses can be reduced to one by satisfying the above-mentioned all 
parameters in a condition that the group M is set to 1 . 

40 

Claims 

1 . An optical exposer unit characterized by further comprising: 

45 at least one or more light sources (3Y, 3C, 3M, 3Ba and 3Bb) having the sum total of numbers shown N 1 to N M 

(M = one or more integral number), for respectively emitting light beams; 

first lens means (9Y, 9C, 9M, 9Ba and 9Bb) for converting each of said light beams emitted from each of said 
light sources to either a convergent light beam or a parallel light beam, said first lens including one of a finite 
lens and a collimate lens of the sum total of numbers Ni to N M ; 
so second lens means (1 1 Y, 1 1 C, 1 1 M and 1 1 B) for providing lens power of a first direction so as to converge the 

light beam emitted from each of said first lens to only the first direction, and said second lens means prepared 
to be M pairs: 

deflecting means (5) for deflecting the light beam emitted from said second lens means to a second direction 
perpendicular to said first direction, said deflecting means including a reflection surface formed to be rotatable 
55 around a rotation axis extended to be parallel to said first direction; and 

image forming means (21), including at least one lens (30a and 30b), for image-forming each of said light 
beams deflected at an equal speed by said deflecting means at a predetermined position, said image forming 
means for correcting a shift of the image formed position against said predetermined position generated by a 
tilt of said reflection surface of said deflecting means. 
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2. The optical exposer unit according to claim 1 , characterized in that said image forming means includes an optical 
axis perpendicular to each of said first and second directions, and a shape of a line, defined when at least one lens 
surface of lens means in said image forming means crosses the surface extended to said second direction, is 
asymmetrical to said optical axis. 

5 

3. The optical exposer unit according to claim 2 f characterized in that the shape of the lens surface of said image 
forming means does not depend on a rotation symmetrical axis when the lens surface is formed. 

4. The optical exposer unit according to claim 1 , characterized in that a sign of a curvature of said first direction of at 
10 least one of lens surfaces of the lens means in said image forming means changes in the entire area of said second 

direction. 

5. The optical exposer unit according to claim 4, characterized in that said sign of the curvature of said first direction 
is reversed to correspond to a position of said second position. 

15 

6. The optical exposer unit according to claim 1 , characterized in that at least one of said lens surfaces of said lens 
means in said image forming means includes the optical axis, and two extreme values as a result of a primary dif- 
ferential value by showing a line, defined to cross the surface extended to the second direction, along the second 
direction on a coordinate defined along said optical axis. 

20 

7. The optical exposer unit according to claim 6, characterized in that the shape of the lens surface of said image 
forming means does not depend on the rotation symmetrical axis when the lens surface is formed. 

8. The optical exposer unit according to claim 1 , characterized in that lens power of the second direction of at least 
25 one of the lens surfaces of said lens means in said image forming means changes in the entire area of said second 

direction. 

9. The optical exposer unit according to claim 5, characterized in that said sign of the curvature of said first direction 
is reversed to correspond to a position of said second position. 

30 

10. The optical exposer unit according to claim 1 , characterized by further comprising synthesizing means, provided at 
the side of said light source rather than said deflecting means, for synthesizing the light beams of the sum total of 
numbers N<\ to N M into one flux of beams. 

35 1 1 . An optical exposer unit characterized by further comprising: 

at least one or more light sources (3Y, 3M, 3C, 3Ba and 3Bb) having the sum total of numbers shown to N M 
(M = one or more integral number), for respectively emitting light beams, and at least one of N n to N M includes 
two or more integral number; 

40 first lens means (9Y, 9M, 9C, 9Ba and 9Bb) for converting each of said light beams emitted from each of said 

light sources to either a convergent light beam or a parallel light beam, said first lens including one of a finite 
lens and a collimate lens of the sum total of numbers N-| to N M ; 

second lens means (1 1 Y, 1 1 M, 1 1 C and 1 1 B) for providing lens power of a first direction so as to converge the 
light beam emitted from each of said first lens to only the first direction, and said second lens means prepared 
45 to be M pairs; 

deflecting means (5) for deflecting the light beam emitted from said second lens means to a second direction 
perpendicular to said first direction, said deflecting means including a reflection surface formed to be rotatable 
around a rotation axis extended to be parallel to said first direction; and 

image forming means (21), including at least one lens (30a and 30b), for image-forming each of said light 
so beams deflected at an equal speed by said deflecting means at a predetermined position, said image forming 

means for correcting a shift of the image formed position against said predetermined position generated by a 
tilt of said reflection surface of said deflecting means. 

12. The optical exposer unit according to claim 11, characterized in that said image forming means includes an optical 
55 axis perpendicular to each of said first and second directions, and a shape of a line, defined when at least one lens 
surface of lens means in said image forming means crosses the surface extended to said second direction, is 
asymmetrical to said optical axis. 
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13. The optical exposer unit according to claim 12, characterized in that the shape of the lens surface of said image 
forming means does not depend on a rotation symmetrical axis when the lens surface is formed. 

14. The optical exposer unit according to claim 1 1 , characterized in that a sign of a curvature of said first direction of at 
5 least one of lens surfaces of the lens means in said image forming means changes in the entire area of said second 

direction. 

1 5. The optical exposer unit according to claim 14, characterized in that said sign of the curvature of said first direction 
is reversed to correspond to a position of said second position. 

10 

16. The optical exposer unit according to claim 1 1 , characterized in that at least one of said lens surfaces of said lens 
means in said image forming means includes the optical axis, and two extreme values as a result of a primary dif- 
ferential value by showing a line, defined to cross the surface extended to the second direction, along the second 
direction on a coordinate defined along said optical axis. 

15 

17. The optical exposer unit according to claim 16, characterized in that the shape of the lens surface of said image 
forming means does not depend on the rotation symmetrical axis when the lens surface is formed. 

18. The optical exposer unit according to claim 1 1 , characterized in that lens power of the second direction of at least 
20 one of the lens surfaces of said lens means in said image forming means changes in the entire area of said second 

direction. 

1 9. The optical exposer unit according to claim 15, characterized in that said sign of the curvature of said first direction 
is reversed to correspond to a position of said second position. 

25 

20. The optical exposer unit according to claim 1 1 , characterized by further comprising synthesizing means, provided 
at the side of said light source rather than said deflecting means, for synthesizing the light beams of the sum total 
of numbers Nj to N M into one flux of beams. 

30 21. The optical exposer unit according to claim 20, characterized in that said image forming means includes at least 
one lens means, and each of said beams synthesized by said synthesizing means is crossed between the lens sur- 
face closest to said deflecting means and an image plane. 

22. The optical exposer unit according to claim 21, characterized by further comprising detecting means, provided on 
35 an image plane, for detecting each of the light beams passed through said image forming means. 

23. The optical exposer unit according to claim 22, characterized in that said detecting means includes a position sen- 
sor. 

40 24. The optical exposer unit according to claim 1 1 , characterized by further comprising resolution changing means for 
providing a light beam emitted between GP where a latent image corresponding to one pixel satisfying the following 
equation: 

GP = AMP x LGP x {1 - (DPI / DPIo} / (Pi - 1) 

45 

wherein LGP: line distance at the time of writing the image by a signal laser beam, DPIo: first resolution of an image 
forming apparatus, DPI: second resolution smaller than said first resolution, and Pi: number of light beams [Pi is 
two or more integral number]. 

so 25. The optical exposer unit according to claim 24, characterized in that said resolution change means changes a posi- 
tion corresponding to the first direction of at least one light emission elements of said light sources. 

26. An optical exposer unit characterized by further comprising: 

55 light sources (3Y, 3M, 3C, 3Ba and 3Bb) having the sum total of numbers shown N 1 to N M (M = two or more 

integral number), for respectively emitting light beams; 

first lens means (9Y, 9M, 9C, 9Ba and 9Bb) for converting each of said light beams emitted from each of said 
light sources to either a convergent light beam or a parallel light beam, said first lens including one of a finite 
lens and a collimate lens of the sum total of numbers N 1 to N M ; 
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second lens means (1 1 Y, 1 1 M, 1 1 C and 1 1 B) for providing lens power of a first direction so as to converge the 
light beam emitted from each of said first lens to only the first direction, and said second lens means prepared 
to be M pairs; 

deflecting means (5) for deflecting the light beam emitted from said second lens means to a second direction 
s perpendicular to said first direction, said deflecting means including a reflection surface formed to be rotatable 

around a rotation axis extended to be parallel to said first direction; and 

image forming means (21), including at least one lens (30a and 30b), for image-forming each of said light 
beams deflected at an equal speed by said deflecting means at a predetermined position, said image forming 
means for correcting a shift of the image formed position against said predetermined position generated by a 
10 tilt of said reflection surface of said deflecting means. 

27. The optical exposer unit according to claim 26, characterized in that at least one of the N-j to N M of said light 
sources is different from the others. 

75 28. The optical exposer unit according to claim 27, characterized in that said image forming means includes an optical 
axis perpendicular to each of said first and second directions, and a shape of a line, defined when at least one lens 
surface of lens means in said image forming means crosses the surface extended to said second direction, is 
asymmetrical to said optical axis. 

20 29. The optical exposer unit according to claim 28, characterized in that the shape of the fens surface of said image 
forming means does not depend on a rotation symmetrical axis when the lens surface is formed. 

30. The optical exposer unit according to claim 27, characterized in that a sign of a curvature of said first direction of at 
least one of lens surfaces of the lens means in said image forming means changes in the entire area of said second 

25 direction. 

31 . The optical exposer unit according to claim 30, characterized in that said sign of the curvature of said first direction 
is reversed to correspond to a position of said second position. 

30 32. The optical exposer unit according to claim 27, characterized in that at least one of said lens surfaces of said lens 
means in said image forming means means includes the optical axis, and two extreme values as a result of a pri- 
mary differential value by showing a line, defined to cross the surface extended to the second direction, along the 
second direction on a coordinate defined along said optical axis. 

35 33. The optical exposer unit according to claim 32, characterized in that the shape of the lens surface of said image 
forming means does not depend on the rotation symmetrical axis when the lens surface is formed. 

34. The optical exposer unit according to claim 27, characterized in that lens power of the second direction of at least 
one of the lens surfaces of said lens means in said image forming means changes in the entire area of said second 

40 direction. 

35. The optical exposer unit according to claim 34, characterized in that said sign of the curvature of said first direction 
is reversed to correspond to a position of said second position. 

45 36. The optical exposer unit according to claim 27, characterized by further comprising synthesizing means, provided 
at the side of said light source rather than said deflecting means, for synthesizing the light beams of the sum total 
of numbers N-i to N w into one flux of beams. 

37. An image forming apparatus characterized by further comprising: 

50 

M number of image carrier members (60 Y, 60M, 60C and 60B); and 
one optical exposer unit (1) having: 

a plurality of light sources (3Y, 3M, 3C, 3Ba and 3Bb) having the sum total of numbers shown Nt to N M (M = 
one or more integral number); 

55 deflecting means (5) for deflecting the light beam emitted from each of said plurality of the light sources N-i to 

N M at a predetermined position of a corresponding image carrier member; 

one optical means (9Y, 9M, 9C, 9Ba, 9Bb, 1 1 Y, 1 1 M, 1 1 C and 1 1 B) for providing a predetermined optical char- 
acteristic to each of said light beams; 
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image forming means (21), including at least one lens (30a and 30b), for image-forming each of said light 
beams deflected at an equal speed by said deflecting means on a predetermined position, said image forming 
means for correcting a shift of the image formed position against said predetermined position generated by a 
tilt of said reflection surface of said deflecting means; and 
5 M number of developing means (62Y, 62M, 62C and 62B) for supplying developing agent to a latent image 

formed on said image carrier member by said exposer unit so as to form a developed image. 

38. The image forming apparatus according to claim 37, characterized by further comprising synthesizing means, pro- 
vided at the side of said light source rather than said deflecting means, for synthesizing the light beams of the sum 

10 total of numbers N 1 to N M into one flux of beams. 

39. The image forming apparatus according to claim 38, characterized in that said image forming means includes an 
optical axis perpendicular to each of said first and second directions, and a shape of a line, defined when at least 
one lens surface of lens means in said image forming means crosses the surface extended to said second direc- 

15 tion, is asymmetrical to said optical axis. 

40. The image forming apparatus according to claim 38, characterized in that a sign of a curvature of said first direction 
of at least one of lens surfaces of the lens means in said image forming means changes in the entire area of said 
second direction. 

20 

41 . The image forming apparatus according to claim 38, characterized in that at least one of said lens surfaces of said 
lens means in said image forming means means includes the optical axis, and two extreme values as a result of a 
primary differential value by showing a line, defined to cross the surface extended to the second direction, along 
the second direction on a coordinate defined along said optical axis. 

25 

42. The image forming apparatus according to claim 38, characterized in that said lens power of the second direction 
of the lens surface of the lens means in said image forming means is reversed to correspond to a position of said 
second position. 
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